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Copies are not for sale, but can be obtained bii steam 
tallwau emplouees who are Interested in electric train 
lighting and Illumination, when request Is made 
through the chief ofUdal of a ralluiau department 
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PREFACE 

TIE First Edition of the Railway Electrical 
Engineers' Handbook was received with such 
favor that the Engineering Department of the 
National Electric Lamp Association has found the 
labor of its revision a pleasure rather than a task. 
The original matter has been revised and enlarged, 
to such an extent that this may be considered 
practically a new book. 

The many recent and important developments 
in electrical apparatus and in illuminating media 
for train lighting have necessitated this wholesale 
revision in producing the Second Edition. New 
data on the lighting of railroad shops, yards and 
offices have been added. 

It is the intention of the Engineering Depart- 
ment to publish revised editions of this work from 
time to time, as may be made advisable by reason 
of changes in the art. 

Readers will confer a favor by notifying us of 
any errors that may be discovered, as in this way it 
will be possible to rectify them in future editions. 

C. W. BENDER. 
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This Association does not engage in commerce. It has 
for its objects the advancement of the art of Incandescent 
lamp manufacture, and the development of the science and 
art of illumination. It is sustained by the following works 
of the National Quality Lamp Division of General Electric 
Co. which have adopted as their motto, "National Quality. 
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AMERICAN ELECTRIC LAMP WORKS. .Central Falls, R. I. 

BANNER ELECTRIC WORKS Youngstown, Ohio 

BRILLIANT ELECTRIC WORKS Cleveland, Ohio 

BRYAN-MARSH ELECTRIC WORKS .... Central Falls, R. I. 

BRYAN-MARSH ELECTRIC WORKS Chicago, 111. 

THE BUCKEYE ELECTRIC WORKS Cleveland, Ohio 

COLONIAL ELECTRIC WORKS , Warren. Ohio 

THE COLUMBIA INC. LAMP WORKS St. Louis, Mo. 

ECONOMICAL ELECTRIC LAMP WORKS. . .New York City 

ELUX MINIATURE LAMP WORKS New York City 

FEDERAL MINIATURE LAMP WORKS Chicago, lU. 

THE FOSTORIA INC. LAMP WORKS Fostoria, Ohio 

GENERAL INC. LAMP WORKS Cleveland, Ohio 

MONARCH INCANDESCENT LAMP WORKS .: Chicago, 111. 

MUNDER ELECTRIC WORKS Central Falls, R. I. 

PACKARD LAMP WORKS Warren, Ohio 

THE PEERLESS LAMP WORKS. Warren, Ohio 

SHELBY LAMP WORKS Shelby, Ohio 

STANDARD ELECTRIC WORKS Warren, Ohio 

THE STERLING ELECTRIC LAMP WORKS. .Warren, Ohio 
SUNBEAM INCANDESCENT LAMP WORKS ... Chicago, 111. 
SUNBEAM INCANDESCENT LAMP WORKS. New York City 
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SECTION I 
STRAIGHT STORAGE SYSTEM 

INCLUDING DESCRIPTION OF SYSTEM 

WITH PHOTOGRAPHS OF INSTALLATION 

AND WIRING DIAGRAMS OF SAME 
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STHAtaHT STORAGE BYaTBM 



The straight storase battery gyatem was one of the 
earliest methodB ot aecurjng the neceaaary current for the 
electrically lighttng of steam railway passenger equipment. 
A9 now adapted, this method generally consists of suepend- 
Ins either 16 or 32 cells of storage batteries from the under 
side of the car, the cells being placed in specially con- 
structed boxes. Fig. 3. These cells are charged at the 
terminals and are discharged while the car is in service, 
furnishing the necessary current for the operation of the 
' electric lighting equipment. 
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CHUneifis PLUG 



Two Imttery or service wires are carried In conduit along 
(he underside of the car to the end and then run up to 
the distributing panel, located inside. From this point the 
current is distrlbutea to the different lamp circuits through 
varloiip fuses and switches. 

Underneath and on each side of the car tXB located 
c'harglng receptacles for charging the batteries. For this 
purpose the cars are placed at some convenient point at 
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the and of each run, or as often as the service runs demand, 
where direct current of the^proper voltage is available for 

lu^tloK the 
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hour batteries In i 



: 83-volt Mazda, lami» for 



STRAIGHT STORAQB 8T8TEH 



Fit' ■• Btonte BatteiT Honntsd on Om 

nected In multtiile, wtll neither charge nor discharge evenly. 

Compared wjth the other methods of car lighting, tbe ad- 
vantages ot the straight storage system are Its Blmpllclty 
and reliability. There la no complicated mechanlBtn to get 
out of order, and as long as the battery ciiarge lasts, there 
is a positive source of current. It has one great disad- 
vantage In that It requires that the cars be "spotted" at 
tbe terminal points for charging, thereby interfering with 
the yardmaster'B schedule in congested yards. 

The straight storage system also requires bji elaborate 
and expensive system of yard wiring, together with a large 
generator capacity at terminal points. In estimating the 
costs of such a system, account must be taken of the In- 
terest and depreciation upon this wiring, generators, etc, 
together with the power losses in wiring, rheostats, and 
battery efficiency, all of which Items probably make the 
straight storage system the most e^tpensive In the Ions 
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SECTION II 



HEAD-END SYSTEMS 



INCLUDING STRAIGHT ENGINE GEN- 
ERATOR SYSTEM, GENERATOR IN 
BAGGAGE CAR WITH BATTERIES ON 
ONE OR MORE CARS. BALTIMORE & 
OHIO, GOULD BOOSTER, AND GEN- 
ERAL ELECTRIC SYSTEMS 
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THE 8TRAJGHT ENaiNE GENERATOR SYSTEM 

The Straight Engine Generator System as generally used 
consists of a 110 -volt generator direct connected to a recip- 
rocating engine or turbine* the generator set being located 
in the baggage car, while steam at about 90 lbs. pressure 
is furnished by the locomotive for operating. 

To insure the lamps burning at a uniform brilliancy 
in the various cars, it is customary to run an equipotential 
or third wire system in conduit over the car roof, while 
connection between cars is made in the vestibule by passing 
the train-line wires through the roof near the end of car, 
thence through an opening over the vestibule to a female 
connector at the end of the car from which connection to 
the adjoining car is made with flexible wire cables. 

As will be noted from Fig. 1, the system is entirely 
devoid of wiring complications, but has been very little used 
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Fig. 1. Straight Electric Lighting Wiring Diagram — No Batteries 



by reason that when the engine or turbine is shut off by 
reason of steam hose bursting, low steam, or break-down, 
the electric lights are extinguished and some other form 
of illuminant must be resorted to. A similar condition will 
obtain at division points when locomotives are changed. 
This objectionable feature has been overcome in a way by 
the use of a throw-over switch connecting the train circuit 
to a local lighting plant, but it is obvious that such an 
arrangement can only be a make-shift, as when a car is 
cut out of a train, which is common practice, some auxiliary 
method of lighting must be available until such time as the 
car is again coupled to the electrically lighted train. It 
can be readily seen that the Straight Engine System, while 
of comparatively low first cost, can be only used for through 
trains when run solid, from terminal to terminal, with 
throw-over switches at division points, and cars equipped 
with an expensive auxiliary lighting system of some kind, 
should a breakdown occur en route, while with suburban 
cars the same conditions hold as for through runs, except 
the throw-over switches are not necessary for lighting the 
cars at division points. 
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HEfAD-END SYSTEM wPtM' 'QENVRATO"rt"'set IN 'BAO- 

GAQE CAR WITH pATTERI^S ON ONE OB 

MORE CARS 

ThiH is by tar the most generally aflopted of an heaa-ena 
systems, being used by one eastern raflteay and a number 
of roads In the western part of tMe United States where 



5 2,000 miles long, with practically 
L from one terminal to end of run. 

„ originated in 188J on one of the 

eastern roads and as Installed at that time consisted of 
I 8-hp., three -cylinder steam engine direct connected to 
I SO-volt dynamo — one set of 120 ampere-hour batteries 
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wefe used but the exc^alve current contumptlon of the 
carbon flloment lamp soon compelled tbe placlns ot bat- 
teries on each car. Later on 300 ami>ere-hour batteries 
were used, while turbine generators replaced the reclpro- 
oatlns enslne and dynamo. 
The general practice at the present time Is to use three 



car on the train la generally equipped with a set. Thl> 

allows of the train being gpiit at any time and ths cars 

are not required to ha-»e an espenalve aiuriilary ejiitem of 

lighting. 

' The generator used is generally ot the Curtis -Turbine non- 

'eonaensing tiTit of IS to S5-kw. capacity and for oper- 
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ating at a, pressure o 
supplied by t'- " 

The Turbo- generator la oF an InterestlnK construction. A 
cross -section of the IS-kw. size Is shown In Fig. 5. It 
Is designed to operate at a speed of 4^00 r. p. m. at 90 iba. 
steam pressure and rated at 225 amperes at 80 volts. 

The turbine wheel Is fitted to the shaft with a taper flt. 
and held In position by a key and the back of the governor 
which screws on the end of the ahaft. There are three acts 
of vanes on the wheel while the Intermediates, two in num- 
ber, are placed on the openings between the rows of vanes. 

Bearlna*: The bearings are two In number, both being 
of spherical cast bronze and ball seated In pillow blocks. 
"■ '---. end bearing being of one solid piece and 



spherical or clock-wise spring which Is tripped at a.., 

mately 10% over speed which forces a small brass plate 
to come forward closing the steam opening. 



shaft. It depends upon the action of a pair of interlocked 
weights being thrown out by centrifugal force which action 
Is opposed by a heavy ateel spring- The Inner end of spring 
Is fastened to a. spindle on the end of which Is screwed a 
small ball set In an adjustable seat or what Is known as 
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a vdlva lever which is fulcrum«d at the center, while the 
other end engages the valve stem. As the governor weights 
are thrown out the governor spindle is drawn backi pulling 
the valve lever forward for proper position of. load, the 
action of the governor depending upon the relation of the 
dlsplsUsement pressure characteristic of the spring to that 
of the weights. 

Car Wiring: Train line wire for this system is generally 
of 3/0 size; the wires on each car necessarily being trans- 
posed on each by reason of maintaining the proper voltage 
for battery charging. A wiring diagram as recommended 
by the Railway Electrical Engineers' Association is shown 
in Fig. 6. One of the objectionable features of this system 
is that the generator capacity cannot be obtained when the 
lamps are burning, without raising the voltage to a point 
where it is almost instantly destructive to the lamps. This 
is due to the back e. m. f. of the batteries, which rises on 
charge from about 2 volts at the beginning to approzi-. 
mately 2.5 volts per cell at end of charge. This acts auto- 
matically in reducing the flow of the current. As 63 -volt 
lamps should burn at approximately normal voltage when 
the batteries are discharging or when the cells give about 
2 volts, it is obvious that to increase the generator voltage, 
in order to fully charge the batteries, the lamps would be 
burned at approximately 30% over voltage. In order, satis- 
factorily, to operate this system it is customary when lamps 
are burning to adjust the generator voltage to 73 volts. 
This voltage is reduced at the lamps (due to drop in train 
line on a seven car train) to about 66 volts. During the 
day tjlme, and late at night when few lamps 9^ burning, 
the generator voltage is raised to 78 volts which insures 
the batteries at the terminals in a fairly well charged con- 
dition, without ' subjecting many lamps to a destructive 
over-voltage. 

A number of railways using the head-end . system Jiave 
adopted a resistance for use in the lamp circuit to overcome 
the objectionable feature Just pointed out, one of these 
methods of which is described in the following Baltimore & 
Ohio system. 

^ BALTIMORE ^ OHIO HEAD-END SYSTEM • 

This ^stem possesses the special feature of using auto- 
matic, lamp regulators, on each car to maintain . constant 
^mp voltage. "J^he generating eQuipment consists of 20- 
Icw., iOO-voIt compound Wound Curtis turbines, operating 
at a £(peed of 4,500 r. p. m. at 80 lbs. steam pressure.' 

Switchboards, with necessary instruments and overload, 
no^voltage, - reverse current circuit breakers' are^. provided 
which,, with the generating equipment, are located in sep- 
arate compartments at. one end of the baggage cars. 
. Steam piping is so arranged that, eithear end of the turbine 
car may be operated towards the locomotive. Battles 
consisting of 32 cells of 300 ampere-hours capacity are car- 
ried on all cars of the train, except ' coaches and express 
cars, which ^nerally average five batteries on a seven or 
eight car train. 

Each car is provided with an automatic lamp regulator, 
the Gould, Safety Car Heating & Lighting Co., or U. S. 
liight & Heating Co. standard lamp voltage regulators, as 
used with their axle generator i^ystems being used, with 
i|ilight modification to adapt them to the larger voltage 
range met within this service. The regulators are adjusted 
to maintain 68 Vdlt^ on the lamp circuits, 63-volt tungsten 
lamps being used! ' 
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The fteneratora are operated at voltages varying Iron* 
the lamp voltage to 90 volts, depending upon the amount 
ot charging the batterlea require. Normally, train lln« 
voltage 18 maintained between TO and 85 volts, thus Ineuring 
that the batteries are in charged condition, or are being 
charged at all times. When turbines are operating during 
lighting hours with batteries in fully charged condition the 
voltage la reduced to about floating point, thus carrying 
the lamp load entirely on the generators and at the same 
time preventing overcharge of the batteries. Fig. 7 shows 
the wiring diagram of this system. 



Ftg. T. Wiring Diagram — B>.lttmore ft Olilo Hud-end Syitim 
GOULD BOOaTER SYSTEM 

The Gould Booster Head-end system was designed by the 
Gould Coupler Company to overcome the objectionable fea- 
tures of practically all head-end systems, viz., operating 
at a compromise voltage with a resultant variable candle- 
power and short life of lamps. 

Turbine Generator: The Curtis Turbine generator of the 
16-kw. type was used, the capacity of which was increased 
to IS-kw. by IncreaBing the speed of the turbine from 
4,000 r, p. m. to 4,500 r. p. m., while the ateam nozzle 
was aestgned lor 160 lbs. steam pressure in order to obtain 
the advantage of high pressure steam direct from locomo- 
tive. 

Oanerator: The generator was of the inter-pole type, 
over- com pounded to give «7 volta at one-quarter load, to 78 
volts at full load. This rising voltage characteristic was 
necessary In order to take care of the voltage drop in the 
return negative main from the rear of the train. 

location of Turbine: As will be noted from the accom- 
lylng views of the equipment, the turbine generator was 
' ' ' )p ot the locomotive between the sand and 

steam aomes on the Atlantic type of locomotive. On the 
smaller types the set was located crosswise on the boiler 
and In front of the stack, as no other available apace was 
to be had without changing the sand or steam domes. 

The booster was located on the locomotive tender and 
consisted of three machines, viz., a dlfferentiallv wound 
battery booster with a series lamp b ' "* ' 
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•The battery booster furnished the increasad voltage nec- 
esBary to charge the batteries. It being wound In such a 
manner that when the lamps were not burning the combined 
e. m. (. ol this booster and of the generator furnished the 
necessary e. m. f, to bring the batteries up to a maximum 
state of charge; the magnetic characterlstlca o( the booster 
being Buoh that, as the condltlona of charge approach a 
maximum value, the current entering the battery waa auto- 
matically reduced. The series winding on this booster 
through which all of the lamp circuits passed acted to reduce 



Fig. S. Front Tlaw of Oortti Turbine 
aeaeratoT Xaunted on Engine Class 
"L" Fanwt. LoDomotiTe 



the booster voltage upon an Increase of lamp load. This 
tended to maintain a predetermined load on the main gen- 
erator hy reducing the battery charging current in atjout 
the same proportion as the lamp current tnoreasea; the 
action. In fact, being such that If the lamp load represented 
a greater value than the normal load desired to be carried 
by the generator,* the booster would deliver a voltage In 
such a direction as to cause the battery to take that portion 
of the load representing the overload. When the lamp 
load equaled the normal output of the generator, the bat- 
tery booster voltage would be zero, and the batteries would 
be simply floating across the system. On the other hand. 
If no lamps were burning, the generator output would enter 
the battery as a charge, reducing gradually as the battery 



e.—ThlB system not now In b 
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The lamp booster was connected In series with the light- 
ing line to obtain a Bubatantlallv regular distribution ol 
voltage regardless o( varying train lengths and load dis- 
tribution. 

The operation of starting and stopping tne generator and 
boaster consisted of opening or closing a steam valve in 
the locomotive cab. Assuming that the turbine generator 
was not In operation, tha batteries maintained the lighting 
on the cars on which they are located, or in case of a 
broken battery connection, the current would flow through 



the t 



■, provlded.-< 



1 line couplers v 






was started by opening the 
cab, the booster motor starts 
up concurreniiy wicn me rise in generator voltage. When 
the generator reached a- normsj voltage, such as 60, the 
automatic switch on the- locomotive tcnaor would close and 
the current would pass through the train line wires, closing 
transfer switches on the various cars. The turbine gen- 
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. View of Couplings Bst 



„ car transfer awltcheB 

to negative side of generator. The path of the battery 
charging current is from the generator through the battery 
booster and automatlo switch and train line wirea to the 
pOHltive slde.of the batteries, to rear of train, and returning 
through the train Una Jumper und r.nttt nn mi- fransroi- 

switch to- the negative side of 
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Upon BhutUng down the turbine the reverse actloD takM 
place, the traiiBter switches on all cars dropping out at 
some minimum current value, placing each set ol lamps 
across Its own batteries. Upon a sltsht reversal ol current 
the main switch opens and prevents further flow of current 
from the batteries Into the generator or booster. 

GENERAL ELECTRIC HEAD-END SYSTEM 
This system consists of a Curtis Turbine generator located 
on the locomotive or in baggage car. The lamp voltage 
Is maintained practically constant at the generator while 
a booster Is connected In series with the battery, the voltage 
of which la adjusted to give a constant line voltage Irre- 
spective oC battery voltage and load. 
For automatically closing the circuit when the turbine Is 



■Fig. IS. a. E. BooitBT 

shut down, a reverse current relay Is connected In one side 
ol the line. This relay U operated by a potential coll con- 
nected across the generator terminals and closes the con- 
tacts when the normal voltage la reached. When the steam 
Is shut off, the current from the batteries tends to reverse 
the flow bach Into the generator which causes the series 
coll to oppose the potential colt and allow the relay contacts 
to open by gravity. 

The voltage regulator conBlals of an electromagnet, and 
B. small coll arranged to move In the field of the former. 
the two being connected In series, and CTclted from the 
lamp lines through a rheostat, so ttiat a contact carried by 
the small coll shunts a portion of this field rheostat. The 
motion of this coil is resisted by a spring which is adjusted 
so that the desired potential applied to the regulator colls 
will open the contacts. The closing o( these contacts will 
cause a rise In voltage and vice versa, the opening ol the 
contact causes it to fall. Therefore to maintain equilibrium. 
the contacts rapidly open and close, making the average 

*Note.^ — This system not now In MrvliM. 
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alntaln the desire J line ' 

Car Equipment; A booster set la. locatefl unfler each car,. 
KncI consists of a Oiotor drlTen booster which ts connected ' 
in series with the battery to boost the voltage tor battery 
charslng. A regulator Tor controlling the booster is located' 
In a cast iron boT underneath each car, and tends to con- 
trol the booster field In order to maintain constant 3amp 
voltage on discharge and to- control the battery current on 
charge. This control Imi also contains the relay "Which 

.__,._ ..._ .._^.^__ ggj when ft Is deelred 

vhen required. 



VIC, IB. 16-Ew, Train Llghtlae Tmblua. - Looomative Type 



Form ''A" Regulator: "WTien the car Is disconnected 
from' the turbine generator, the lamps are fed from the bat- 
teries and conjtant voltage maintained by means ot tJiB' 
regTilator controlling the booster field In the same manner 
as the generator control. However, the contacts do not 
shUnt a portion of the Held rheostat, but open the field 
I the turbine generator ia connected, the 
■ " ' I the batteries to the generator. 
... — ,_„_„tor IB held open, and the booster 
. down tc a small value which reduces the 
counter e. m. t. of tbe tiooster and allows the current to 
flow from the line to charge the battery. 

To properly control the charging current and boost the 
Input to car, the totaJ current passes throuEh- a. series coll 
on the regulator In such a direction fliat the Incoming 
current tends to raise the counter e, m. f. of the booster 
and. reduce the charging ' current The coil is so proper-, 
tloned that when no lamps are hnmlng it Will give a alight 
tapering- efTeot- on- the battery charging current until tha 
gassinB point Is reached where It will taper oft more rip ■; 
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idly until practically zero current flows at the end of 
charge. When lamps are burning, the maximum charging 
current is reduced sufficiently to keep the car input down 
to the predetermined maximum current. If the steam pres- 
sure is reduced or the total load is greater than the gen- 
erator capacity, the line voltage will tend to drop, and 
allow the car regulators to come into action, giving the 
booster sufficient field current to cause the batteries to 
discharge and help out the generator. 




Fig. 16. G*. E. Train Lighting Oonneotors 



Form "B" Regulator: This regulator is the same as the 
form "A" regulator with the exception of an additional 
contact which closes the circuit of the second booster field, 
which is wound in an opposite direction to that of the 
first. This field comes into action when the battery voltage 
on discharge is higher than the desired lamp voltage. This 
causes the booster to "buck" instead of "boost," and on 
charge it also causes the booster to boost the line voltage 
sufilciently to charge the battery. 
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SECTION III 



AXLE GENERATOR SYSTEMS 



INCLUDING BUTTNER. BROWN & BOVERI, 
CONSOLIDATED, GOULD, MATHER & 
PLATT, LEITNER. NEWBOLD. SAFETY. 
STONE AND UNITED STATES SYSTEMS 



AXI.S QBNEftATOR S?S>1^M3 



Qenerator: The generator Is of the four- pole phwvt 
wound type with cast steel field frame. The field collB 
are held )□ place by brass retainer stioea bolted to the 
frtime with through bolts, provided with nuta, the. ends ol 

The bearings are of the ring olIinK type and are covered 
by heads which are fastened to the fnime by cap acrews. 
These heads are provided with large oil wells and. over- 
flow pipes. 

The armature coUa are form wound, akd tlie armature 
shaft is removable. The brushes, .of which there are (our 
sets, are carried In cast bronse lirush 1u)Idet«- which are 
supported by a plate attached to the generator frame. 

Pole Changer: The pole changer consists of t 
screw thread on f • • - - ■ — 



Diash^ wltb.B gear on wiilcfi are mounted four contacts 
arranged In a circle. Pivoted In the center of this gear 
li & pole-changing switch which Is rotated through the 
setton of the worm and gear Into position to maintain the 
proper polarity. 

Drive: The genarator Is -driv«i by a^bdt from a - pulley 
on the car, axle to tbe puUsT mountcfd lOn. the end of the 
armature shaft. 

Suipenslon: The generator [rame Is provided with two 
lugs through which a pivot bar passes. The pivot bar Is 
carried by two bale shoes supported by a wrought Iron 
cradle mounted on the truck. « ' 

Belt Tension: The proper belt tension Is ihalntalned by a 
heUoal spring, tension rod. and adjustable weighted tint, 

RaQulator: The regulator, main fuse and automatic 
switch are mounted on a panel placed Inside the car.' The 
regulator consists o( a solenoid, the core of which Is at- 
tached to a chalni this chain passing over a sprocket wheel 
Is secured to a weight enclosed in a cast Iron box which 
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acts as a dash-pot. The, shaln . la made fast to the v 
at oDe point so that any movement of the chain will c 
a movement of the wheel. ' '■ ' - 

Attached ft the wheel la an arm to which are fast 




___ ...1 field blBouH 

mch Is In the l»mp circuit. 
The solenoid haa two wlndtngsii tl 



and. ' the inner. < 



_. .6 flrat Is a series wind- 

Ins through which all of the generator i:iirrent pas^qes, and 
the secoAd Is a differential winding through which only Oij) 
lamp .current passes, out In a direction opposed to the effect 
(if the series coll. The object of (his la to have the gen- 
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*egTTNER 8Y&TEM WITH ROeEN&EBQ ^EN-ERATOR 

.This system consists of an axle generator desi^e^ 09 the 
Rosenberg plan, a diagrammatic scl^eme of which isishowu 
in Fig. 6. 

There are tWosets of brushes on the armature, tvhigh 
does not differ i^n any ' respect from the ordinary armature 
with a single commutator. The. horizontal set of brushes 
corresponds, so to speak, to the armature of the ,iih?Lginary 
exciter. The current flowing through tbese brushes is in- 
duced by a very weak field from the magnet potes, and 
serves to produce a itiagnetic field in the afmatup^ at rl^ht 
angles to the original field. ■ ' . '? 

As this auxiliary current: is 
dependent on the direction of 
rotation, it follows that- the 
main field will also change in 
direction of rotation. The 
main supply, current, which 
Is collected, f r^m the vertical 
set of brushes,, tends to pro-; 
duce a, fielcl which directly 
opposes the original flux from : 
the field magnets. 

The field coils have there- 
fore only sufficient ampere 
turns to counteract this lat- 
ter fiux and give a small flux 
in excess capable of generat- 
ing the current for creating 
the main cross- field. At full 
speed, wh%n the machine is 
giving out its maximum cur- 
rent, the ampere turns of the 
armature and field coils al- 
most exactly balance one an- 
other. On the speed being 
reduced, the voltage and like- i/^^ 
wise the current have a 
tendency to fall. As soon as 
the current drops slightly, 
there is a considerable excess 
of the field ampere turns, 
which strengthens the main 
flux in the armature and 
maintains normal voltage. It Pig. 6, ^osetflrarg A*l© Gen- ' 
is therefore possible for the erator. "Wiring Hiagram" ' • 

speed to vary within fairly " ' ^ 

Wide limits with practically no effect on the supply Current. 

In order to prevent the excitation froiii varying, with 
changes of battery voltage, iron wire resistance IS ihsertea 
in the field circuit which prevents an excessive rise <m 
voltage. The resistance will fuse at very .Wgfi "^pe^^S* tmis 
reducing the generator voltage to zero. Th|s serves as, a 
protection to the, lamfisi : . : : .■■'■/' JJ- 

plm ordei! to Brot$>«t..jthe. lamps; each one is m series with 
a special type of resistance which is knowtt as.thi^ Buttner 
l9jnp resistajuie. This is a^l^njP' which consists of ah Iron 
filament inside a glass bulb, containing gas. the character- 
istics of which, are sucjfi tjislt a^y attempt to, increase the 
current will cause the resistance to rise very rat)idiy, tnu^ 
absorbing the voltage fluctuations and naaAntaining ast^aidy 
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Note. — Used in Europe. 
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prMMUre on'the lampa. Thie obviates any p«rceptiBle fluctua- 
ttims of light. A revered) In dlrec^tlo'n of current when the 
KoBerator Toltage falls below that of the battery Is preTenled 
by a cut-out device consisting of either an automatle enltch 
or an Qlumlnum cell. The latter is of simple design and 
consists of aluminum and iron plates in an electrolytic alkali 
which possesses ttie property of only allowing a outrent to 
flow in one direction; when the current is floWlhg In the 
coirect direction, hydrogen Is evolved on the aluminum plate 
and no resistance is offered to the current. In the reverse 
direction oxygen is evolved on thia plate which Immediately 
becomes coated with a film o( oxide which entirely Btopt the 
flow of current. ■ ' ■ 



*BROWN BOVERI SYSTEM 

Thi'? s 

Of tha same directTon re^rdTesB"of Ihu dlreiTtlon of rotaUon' 
Jng S shons the wiring diagram (or this ^istem Tha 



three jnagnet windings /, tl llj are so arranged tjiat / a 
it act m the same direction while ni acts In thp opiK)Slv= 
direclHon The movable coll O acts on a contact arm A 
which short circuits or connects to the circuit the diRerent 
positions Of the rheostat G aJid the winding P of the auto 

W hen the train starts the generator Is excited and our 
rent passes through O I and V the position of the brushes 
twlng automatically addustM aanordtug to the direction of 
running of the train When the generator voltage has risen 
to a point sufficient for charging the batteries and supplying 
turrent to the lamps the coil O la moved so ths-t^the ^cop 

contact switch C Is now attrac 
nected to the battery 

Current; passes now through winding II to the battery and 
Btrengthena the magnetic flux of the regulator R So (hat 
the contact arm A Is moved farther This happens WUH 
Increasing ipeed of the train and in the reVerstiig direction 
with decreasing speed of the train while 'Wl-fh Ini-n-BHlmr 
charse of the battery the voltage at Ita teru 



the itarmlnals <rf the generatorn Is increased end the charg- 

i ■JJote,-,Us94 In E 
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ing current. Isi decreased. When tl^e battery is fully ohaxiged 
the ^ectromagnet ,C7, which, operates at a ceft&lq volta«e« 
acts< <Hi H and produces a reduction of the voltage 1 at tho 
terminals of the generator &o 
that an overcharge of the. 
bait;t^ry,.is prevented. . When i 
the spe^d of the train de- 
creases, the contact arm A 
is moved gradually into posi-^ 
ticm shown in the diagram 
in which, the winding of P 
of the. automatic switch C is 
withoiit current, so that the 
generator is disconnected 
from the battery. When the , 
speed of the train fjdfeh. be- f */ 
low a certain value, thd ar- ! 
mature of the electrottiagnet | 
XJ returns y> its position at ; 
rest whereby the shunt re- ; 
sistor at Ji ia'dlsconneeted. j^ 

During the night the main 
switch S is closed. iJhe cur- 
rent of th^ lamps passes 
through the coll Q so ,^ that 
its armature is. attracted, 
thereby closing the contact 
T (acting on H as before) 
and the contact K (discon- 
necting the "Wltidliig m\ 
When the car stops the lamp Fig. 8. Diagram of Connections 
resistor 7 ^and winding' //if • 

are short-circuited by the. switeh • C, so that the lamps re- 
ceive energy directly from the battery. When the train 
starts the voltage at the terminals of , the generator in- 
creases and at a' cert'ain voltage this regulator R caus.es 
the switch C to act, whereby the generator is connected 
to the network. ' The lamps receive energy from the gen- 
erator through the winding III and the lamp resistor J\ 
while at the same time there i^ a charging cutrent into 
the. battery. Its size depending on the condition of charge 
^nd the lhteh$lty of the current of the lamps. To obtain 
GOnstant yoltage at the lamps .'while the number of lamps 
lighted. Is changed,, the voltage at the terminals of the gen- 
erator must vary .With the current of the lamps; this, varia- 
tion is obtained by the dema!gnetizing action of the wind- 
ings of. HI, . 







CONSOLIDATED SYSTEM 
TYPE ^'A'? 

Generator: The generator Is of,. the bipolar shunt wound 
type with laminated field poles. The field fram^ and pedes- 
tals are bolted to a cast iron base and the entire generator 
is. enclosed. ii^ a sheet and cast, iron frame. 

The bearings are of the ring oiling type and are carried 
by the pedestals. The armature is hand wound. Two sets 
of brushes are carried in cast brass brush hold^r^ which 
are supportied t>y.^® cast iron frame. 

Pole Changers The armature' shaft carries a worm oper- 
ating a cdm, which throws a switch whein the directidn of 
rotation of the armature is reversed, as is the case when 
car is run in a reversed direction. Thd proper polaHty is 
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tbe direction 1: 



Driva: The generator Is belt driven from a pulley on ' 

1_ .1 >._>^ — jjiijj being maintained by met 

'od and weighted adjusting n 



car aile, the proper belt tension being maintained by 
Of a helical — ' — ' — ' ■■ — •■ — .~i..-» -" — -.- 

Suipenilo 

supported I: . _ ^.. „ 

clllatea oa a pivot, this rocker bar being supported by two 
bale shoes which In turn are carried by a wrought Iron 
cradle secured to the truck frame. 

Regulator: The regulator consists of a solenoid with a 
spring balanced plunger to control Its operation;, the gen- 
erator neld rheostat which Is operated by an electric motor 
connected by means o( a worm gear and ratchet mechan- 



T^. B. GonioIUftted Axle aauaiater 

Ibid; and at 

with the lai_., 

accelerates and for disconnecting It _. _, 

the car decelerates, and a variable lamp resistance operated 
by the same mechanism Chat controls the field rheostat. 



with fine wire, and the series colls are wound with heavy 
wire to carry the main KGneratbr current. The nhunt coils 
always remain connected across the generator terminals. 
When the generator ' -..— — .. ..-- — .. 



S*^' 



their cores becom 



it equals that of the battery, the r-._„_^_ ._.. __ 

<!oIls overcomes their weight and that of the lever and the 
resistance of the spring, thereby cloalng the switch and 
■cflnneeting the generator with the battery and lamps. As 
tha speed of the train Increases, the current Increases until 
It reaches the point where the magnetic pull on the solenoid 
«ora baianoes the pull of tha spring. A further Increase 
«f trait) apeedi tenolng to Increase the current generated 
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WiH'ctfusfe;the goleAWd sprlngr V&he' ovfei-baiattttCd ktiQ tHrow 
the upper paWl into gear.* Th^ first six teet?h" of the ratchet 
wheel are intended to throw into action the cam "W'.^wJ^ich 
through a. roller operaties the reach rod connected to • the 
arm of tl^e lamp repistance switch "A" and also ^Jie ^Ql^- 
oid spring leVer "^." At the Starting point the tension 
has been reduced so that the current ^necessary ki. etoleBoid 
"S". to overbalance i the spriog • would ■ only be: about one- 




9 <)<),<> <>.<>;<)■<);<> ■ <;) (>'<r ^ V ■' 



i Big. 10. ConsoUdated Systeia Type "A" Wiiing piagr^m- ' 

third ■(J.-3) of the 'required output. When tljls I>ol!nt is 
reached the lipper pawl operates and switches- in part t)r 
the lamp i^eslfiftance "E/' and at the' sahie time the lever 
is rtioved, thus .increasing the tension of ,the" Spring. ' • ' ^• 
■ It n^ow requires more c^irrent to overbalance ' the spring. 
Consequently, the speed . Has to ' increase ' bfefo're further 
action takes place. If the. speed continues to. Increase, the 
^current will rise uh til the spring is a^aih ^overbalantjed and 
allpws the pawl to j^epeat the same operation. This et«i- 
tiriues until the lain^' resistance "E" Is all. switched In. At 
this point the lever "Y"- "has reached .a position giving the 
'required tension 'to the spiring. ' A «tlli furthe'i'.ln^rdcwe 'In 



speed will act la the: Bune maan»r and- will cu 

Into the field ■■O." A decrease in speed will ■ .. 

Tersal of the above otienttlon, tlirowmg the gear Into the 

8>n'er paw], engaging with the front ratchet wheel tind 
Utttng out resistance from the (1 eld circuit of the gener- 
ator. The.generr-— ' '~ " — — .-.-^,j »— . 
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CONSOLIDATED SYSTEM 

DOUBLE EQUIPMENT 
ThlB syatera is ot the usual Conaolldated typo, but with 
two distinct &xle generators, two regulators, and the usual 
complement of storage batteries. One regulator Is ol tbe 
"A" type for controlling the current of one ot the genera- 
tors and the other la a Kennedy regulator lor controlling 
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the current of the second generator and regulating the 
voltage of the lamps. Both of these regulators are placed 
under the car body. 

Operation: When the car Is at rest, the regutatlPK motor 
does not rotate anil the lamp current Is supplied directly 
by the batteries through a resistance and the reverse wind- 
ing ot the series windings. When the automatic switch 
closes, due to the generator picking up at normal roUage. 
Dynamo "D" supplies current to the lamp fuses, series colls 
and lamp resistance. When dynamo "D" Is connected. It 
also supplies current to lamps through the same circuit. 
While running, both generators will supply current to the 
batteries whether the automatic switch "SW" la closed or 
not. The regulating motor "M" will rotate whenever the 
lights are on, (or the purpose of regulating the voltage, It 
being Immaterial whether the car Is In motion or noL A 
wiring diagram of the double equipment la shown In Fig. 11. 



shunt wound type.uwlth cast steel frame, and has' a t 
continuous capacity of 45 amperes at 60 volts. 

The bearings are of the ring olUng type and are carried 
In the heads which are secured to field frame by cap 
screws. I^rge oil wells are provided which are fitted with 
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Bbait 

aeta, are carried In cast brass holders, which In turn i 

supported by the generator frame- 
Pole Chanuer: Similar to Type "A" but ol a larger size 
Drive: Similar to Type "A." 
Suspension ; Similar to Type "A." 
Belt Tension: Similar to Type "A." 



Regulator! The 



the curren- ._ .-, = _- — -, „— 

erator deliver the desired output .and also to introduce iitto 
the lamp circuit the resistance necessary to give normal 
voltage at the lamps whether the battery be charging or 
dlschat«ing. This regulator is incased In a dust-proof t " 
suspended -— ' "■ "■' — 

Automatic Switt 
equipment. 

Operation of Regulator; When th« generator voltage 
reaches a predetermined point, the automatic switch 
cloacB: (he generator then supplying current to the lamp 
and battery circuits. If the lamps are turned on and the 
speed of the generator Is sufficient to generate a current of 
the normal voltaee to supply tlie system the regulatiflg 



r will 1 
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CONtOOeATSD'AOrOMAVHC HiaeAOrNQ^ DCVICE 

The ConaoliaWea Comply aOao furnish an automatic re- 
Cording QeVlce which Indicates on 6. roll of pa|>er the amount 
of current generated, etc.. for a perkid ol thirty days. The 
regulator controls the output of the dynamo In such a way 
that the battery will be charged at rte normal rate up to 
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eONSOLIOATID TYPB ••W RSaULATOR 
The Type "L" resulator conslstB o( a solenoid connoted 
1 series with the generalor. T^e solenoid core operatlnK 
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— 1 the generator to lamps c 

at any deelred value within the range ol one-third to full 
lamp load. A stop charge switch la also employed for cut- 
ting of the generator current whea the tottery Is fully 
ch^Bed. 

The stop charge switch may be adjasted by varying tfad 
ftlr gap. between the armature and Its mbgilet by means of 
a gnduated ciun. The winding of the switch coll being 
connected across the generator leads, while a second shunt 
coil is added to the governing solenoid, that when the first 
coil closes the switch at some predetermined value the sec- 
ond shunt coil adds additional strength toward drawing up 
the solenoid core and inserting additional resistance In tbe 
generator field, thereby reducing the generator output. 



. . _ _„_, 1 fleld 

frame with laminated pole pieces. The bearings are of 
bronze, the oiling being accomplished by packed oil waste o 

rings aa desired. The '-■ — — ' -* •^- ' — ' 

provided with band h 
are readily accessible. 

The leads to the generator brushes and fields aad -the 
temal leads from the generator are brought to a 1' 

block In the top casing of the coninintatoP end of t]._ 

erator. The pole changer la mounted on the sbaft dIrecUy 
under the terminal block, 

Pole Chanoer; The pole changer,- a phantom view Of 
which Is shown In Fig. LS, la of the mechanical operated 
type, comprising a double pole, double throw switch Inter- 

eosed between the 
rush leads and i . " ' 

the external leads 

The switch throw- 
comprises an ec- 
centrically drilled 
weight pivotally 
mounted on a car- 
rier and the latter 

The weights have 
forward and rear 
projections to en- 
gage corresponding 



Sig. IB. Oonld Pola Ohanier 
further contact with the tipping mechanism while the dl- 



tia' 



irectlon of rotation.!^ agaJn leiritmedi .(Ih.:tti» lUuatr»tlon 
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Fii 16 Oould D^p XTpe Snipeniliin 

Fig 18 the rear projection of the weight Is about Is throw 
the switch to a position corresponding to ri^ht hand rota- 
tion should the direction be reversed the Front projectloia 
o( the weight coming in. oontact with the lug on front swltcii 
tuiad^ will throw the snitch in the opposite direbtton 
thereby maiatalning the proper polarity ot the ganefaton 

Q en era tor Suipenslon This generator Is suspended by 
means of the Unk Type or the Drop Tvpe Suspeeeimi 
Views of these are shonn in Figs 19 and 10 In either of 
which provision la made for alignlnent of the generatiol< 
shaft with the oar axle and the generator and axie piAleya) 
while the tension of the chain or belt drive after being tet 
Is regulated by apiiugs 

Automatic Switch The automatic switch Is of tbe iki^l- 
nated copper dbntact tjpe with auxiliary carbon brakfe anfl 
Is closed against the action o( gravitj bj the lifting of Us 
■lolenold ran-e There are two wtnaings on the solenoid one 
a shunt coll across the generator mains the other a hea,Vr 
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the H«iei^t*tf voltage reaches the proper \aJiie the 

coll becomes ^ulliclentty energised to raise the plunser and 
close the twitch The serleH coil 
Is then energized and reinforces 
the action of the shunt coll, as 



and the voltage drops t 
or Batterv Voltage the lan-er 
tends to discharge through the 
Herlea coll in an opposite dlrec 
tlon thereby neutralizing the 
fal ol the solenoid and gravity 
reinforced 1^ the switch springs 
causes the swltob hlades and 
generator current to open On 
top of the iolen>Id plunger Is a 
metal dish and laminated cop 

short circuit the series coll 
of the regulator simultaneously 
with operation of tlie switch 
This prevents the current due 
to the lamp loal from exerting 
an effort to raise the solenoid 
plunger of the series coll of the 
regulator and Increasing the re 
slstance In the field circuit 
which would tend to prevent 
the building up of the generator 
Qanerator Regulator The 
generator regulator Is affected 
through the compression of car 
bon pile disks in the gener 
ator field circuit A vwlable 
compression of the disks li ob 
talned by the movement of two 
lever arms one of which is ac 
tuated by the solenoid plunger 

Sa .series coll In the battery 
anch circuit the other being 
actuated by the plunger of a 
stitmt coll connected across th^ 
generator mftins S6 long as 
the batterv IB not fully chargyd 
the variable compression on the 
carbon disks obtained through 
the lever actdated By th* 



crease from normal 

\V hen the batten becomM 
Cullv charged as. dub-rmiaedjby 
Its attaining a deBolte limiting 

voliage ti e shu^t e U o( the, 

regulator becomes flumclently 

Vig SI Blmplaz BaguUter energleed Co lift Itp pluD«er 

snd DUtrtbutitic Fanti thus decreasing the compressUm 
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of the carbon ptla reBlBtance tHrough the movement of the 
other lerer arm. Under this condition the plunger of the 
series coti Is no longer enstalned. oa the current to the 
battery ts reduc^ei!. The control of the Held Btrength. and 
consequently the voltage, then results from the Bhiint coll. 
The current output of the generator Is reduced to the voJue 
of the current required for the lamps that are burning, the 
voltage thus correapondlng to that of the fully charged 
battery. 

The shunt coll also acts as a prevention against exces- 
sive generator voltage, should the battery circuit be broken 
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(or any reason. In this event the generator would supply 
current for the lamps when the speed of the car is at or 
above the minimum limiting speed, 

. The solenoid plungers ore restrained from oscillation by 
means of dash-pots, while to ensure the building up of the 
generator In case of loss of residual magnetism a resistance 
unit 1h connected between the battery and armature circuit, 
which permits a .small amount of current to flow across the 
armature, breaking down any resistance that may exist. 

Lamp Regulator: Lamp regulation Is obtained by pressure 
being exerted upon a series of carbon disks; this pressure 
being varied Inversely with the voltage of the generator. 
The variable pressure is obtained by a lever arm actuated 
Uy a solenoid plunger, the current In the solenoid coll being 
controfled by ».n auxiliary regulator, also of the carbon 
pile type, acting as a multiplier. Thus a very slight In- 
crease In voltage of the lamp circuit results In a decided 
Increase In lifting effort on the main plunger, thereby 
maintaining the lamp voltage and candle-power at approxi- 
mately constant values regordlesH of any . variation in sen- 



AXUQ QBNfilRATOR 8YBTBUS BT 

«rator and battery Toltage. The reKulatar 1h alwaya In th* 
Circuit when the lamps are bumlnK, but the carbon ptiA 
resistance Is shunted gradually as th« battary dlBcharse 
proceeds. 



■if, ■), Wlrlnc Dlafmn Oonld Britam 



68 NATIONAL ELECTRIC LAMP ASSOCIATION 



Fig. 14. WUlug OluTUn lot Ftnel Tn>e BBgnUtara 
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AXI^ OBNSBAITOR SYBTEUS 
LEITNER SYSTEM— ENai.AND . 



Of brasbea, two of which are for the variable exaltation, 

Tba frame of the dynajuo Is of cast steel,, two large doors 
BelnK provided for access to the brushes. The pole pieces 
are laminated. All teTmlnals are brought out to a specially 
fitted board outside the frAme. The bearings are of the 
rtng oiling type. The coioioutator aegmenta are of: 

Pole Changert 
The pole chaDser 
Is compoBed ol the 
reverser and bruBh 
rocker which to- 
gether act to auto- 
matically give the 



positive althoorii 



direction of 



ley mounted on a cast Iron ring. 

brass boxes with depresalng levera c _„ „ ,_„ 

springs In connection with toothed adjusting wheels. Elec- 
trical conneotlons are made through spring collecttng pins 
and rings. 

Auto-SwItch: The auto-awltch, or cut-out, has the func- 
tion of automatically disconnecting the storage battery from- 
the dynamo whenever the voltage of the latter falls below 
that of the, former. It also has the function, of connecting 
the battery and the dynatno when the generator voltage Is 
greater than that of the battery. 

It consists of a pivoted H armature oarrylng a switch arm. 
which Is free to rotate through an angle of SD°. The rota- 
tion d( this arm Is produced by the attraction of the two 
polar projections. 

The whole switch, together with the nialn fuse, Is en- 
closed In a cast Iron box. 

Operation: As shown In the diagram of connections, the 
output Is adjusted by means of a series of resistances oon- 
nected In the shunt field circuit, and Its function Is' to 
regulate the generator output In steps of 4G, 30, 15 and K 
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armature. TlUsito^ bmibHes afd do^ lAAfetfS ' :tUat when the 
armature first starts to revolve one brush is positives and 
the other i^ hegative and they ftsalst' thei main-'l*i*iMhairin 
sendiAgr' the exciting curreht through the ■ field cbil&, fhUlldH; 
Ing', the field up rapidlyi As the- speed >6f the atmaturfe 
Increases the field • flux is distorted, gradually reducing thfe- 
v6H3age betwteen the awxllfary brushes' to 'zero and it isr theni 
reversed. With 'increased speed thi« difference' in poten<tistl- 
fn a direction oppbsed to* that of the main btuehes ^gradnlQly 
chokes down the current in the shunt field; It is <dakned' 
that this keeps the dynamo voltage practically constants in— 
asmuch as the 'voltage of a geiierator depends 'upon' the 
field strength and- spefed' of rotation. . . ,,. .. ,, 



B<«TTtlH 

^|i|i|<|i|i|l|l|l|l|iHli 




nr< 87. Wiring Dia^un of Xeltfaer System 



• The other sqt of fleld coils, are in sjBrles with the lainp 
load - and do not carry current until the lamp circuit is 
closed by th^ main switch. They are not strictly necessary 
but aid in assisting the excitation of the dynamo inde?<. 
pendently of the residual magnetism. 

In a bl-polar machine the a;uxlliary brushes form' ftn' fenlrle 
of about 20* with the vertical, and about 10" in afoiir pole 
machine. ' , ... .. 

As stated above the cut-out has the function of automat- 
ically cuttihg m and cutting out the generator. Its ojierd,- 
tion is dependent, upon the differerice of voltage between the 
batterv and srenerator. . ^ ■ • •" • *. 

The colls of the small relay shown at the left of the cut-out 
»wi*ch a,re acrofes the dynamo terminals. When th-6 voltage 
of the generator reaches a certain point, say 15 Volts, this 
relay attracts Its armature, thereby per*hilttihg the "battery 
current to fiow through the shuttle artnatUrei ' h<)ldfng th« 
ooDLtact arm and al^p through the $ne. windin€fa:<>p^..t^e 
pole pieces. This causes the magnetism of. both,. the ekTm&r 
ture and pole pieces to be ,such' that- the contact: a,rm. }j^ 
f<jrQi>)ly Jield put. ■ .. . . . . . k -. 

As the voltage of the dynamo rises the curreht through, 
the . fine, .windings d^minish^ mi.tU fin^^ly, . whefi the voltage 
of the > battery a,iid generfitor io equ^I, this Qurrent.^Dbe^inaQ 
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zero. A further rise ot KetierB.tor voltage reverses the direc- 
tion of this current, and. aa the battery current through 
the shuttle armature alwaya remains In the same direction, 
tlie revereed magnetism of the pole plecea cauaea the arma- 
ture to rotate and the ann to close "the circuit. • 

The fine windings on the p«le plecea are now short-cir- 
cuited. The heavier series windings then come Into action. 
They are w^^tela in the same direction as the flne windings 
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and OB they carry practically all the generatoc current they 
tend to hold the conttict arm and keep the circuit closed 
as long aa the dynamo voltage remains ahove that of the 
tiattery. When It drops these series . colls allow and some- 
what assist the spring attached to the contact arm to oiten 
the circuit, after which the Hue windings on the pole plecea 
come Into action and assist the spring. 

The regulator consists of what Is termed as a "voltage 
balance" and a small reversible motor actuating a contact 
arm over three sets of resistance studs, thereby inserting 
or withdrawing resistance in three separate circuits. The 
following action is claimed for this regulator. 

When the lamps are burning the voltmeter or controlling 
coll Is In multiple with the lamp circuit. The motor Is 
then actuated by this coll and rotates the contact arm to 
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such a position on the ontside ring of studs that the resist- 
ance controlled by these studs, which is in the lamp circuit, 
will absorb the difference between the lamp voltage to which 
it is adjusted and the battery or generated voltage. The 
contact arm of the voltmeter is then in equilibrium. An 
increase or decrease of voltage will cause this arm to make 
one of two contacts and this will cause the motor to drive 
the regulator to a correcting position. 

If the dynamo is in circuit the strength of one-half the 
field is altered at the same time that the resistance of the 
lamp circuit is changed. This is accomplished by the addi- 
tion or withdrawal of resistance in the field circuit through 
the inner ring of studs. The two actions effect a double 
regulation, the generator voltage being altered simultane- 
ously with the resistance of the lamp circuit. 

If the lamps are not burning and the generator has only 
the battery load, the voltmeter coil is in parallel with the 
battery instead of the lamps. As this controlling coil 
causes the motor to rotate the regulator, the action of the 
contact arm on the middle ring of studs inserts resistance 
into controlling or voltmeter circuit. Thus, as the battery 
voltage rises during charge, the voltmeter, by its own action, 
raises the voltage to which it will respond and at the same 
time raises the dynamo voltage to meet the requirements 
of charging the battery. As the battery nears a fully 
charged condition, the regrulator opens the field circuits 
upon which the cut-out acts and the dynamo is put on open 
circuit. If lamps are then switched on, the added resistance 
in the voltmeter circuit is short-circuited, the regulator is 
brought to lamp voltage adjustment, and the dynamo is 
cut in, providing its speed is high enough. 

♦MATHER AND PLATT 
SYSTEM 

This system is of the axle generator type, consisting of 
the generator mounted for axle drive, an accumulator, 
switches and regulator. Fig. 32 gives a diagram showing 
the wiring connections. 

When the train is at rest the solenoid switch, SS, is in 
the lower position and the batteries, BB, feed the lamps 
direct through the main switch, ES. The generator is cut 
out of the circuit at the point D. 

As the speed of the generator rises there is a gradual 
increase in the current flowing in the shunt winding of the 
solenoid switch, SS, until, when the generator voltage equals 
that of the battery, the plunger of the solenoid is pulled 
up, closing the circuit at DC and breaking it at LR. This 
takes place at a train speed of six to eight miles per hour. 
The generator at this point is supplying only a very small 
current, thtis preventing the burning of the switch con- 
tacts. 

The output of the generator rises after "cutting in" until 
at about 18 miles per hour it is giving practically its max- 
imum output. The output remains practically constant 
■above this speed. 

As the speed decreases the generator output decreases 
until at- about five miles per hour it reaches zero. Any 
decrease below this point tends to reverse the current 
through the generator, the series coil of the solenoid demag- 
netizes the solenoid and the generator is "cut out;" at the 
same moment the resistance LR is short-circuited and the 
batteries are connected directly to the lamp circuit. 

*Note. — Used in England. 
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The output of the generator Is controiled by the InHertlon 
of realstance Into the ahunt field. This reslBtance IH con- 
trolled by the same switch that controls the lights and the 
amount Is dependent upon the number o{ lamps burning. 

The regulation Is controlled entirely In the generator Itself, 
The arrangement of the generator Is shown In Flga. Sla 
and 31b. 'The armatiu^ and commutator are simtiar to the 



Ell. 30. Sjniimo Fitted Und« Oovth 



I the external 



of bruBhes, BB, 
the main work- 
lal clrculti The 



circuit are short -circuited and a second pal. , . 

at right angles to the first pair, constitute the main work. 

Ing brushes, supplying current to the est ' ~' " '"'" 

generator Is of the shunt wound type, 
being connected across the armature 
diagram. 

The field windings establish a Hux In 
passing vertically through the armature i 

letters, 88. NN, Fig, 31. The rotation c 

this magnetic field Induces currents in its conductors which 
circulate through the aid brushes bb. The field windings It 
are relatively small since a very small flux Is sufllcletit to 
produce a large short-circuit or aid current. 

These short-circuit or aid currents produce a flui throu^ 
the armature, at right angles to the primary flui, which 
circulates around the pole pieces and armature as indicated 
by SS, NN, and doea not traverse either the pole limbs or 
yoke which carry the primary flui. The rotation of the 
armature in this secondary fiux Induces a dilterence of 
potential between the brushes, BB, and sends current Into 
the external circuit. 
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If, for the sake of clearness, the currents flowing in the 
armature be considered as existing in two independent wind- 
ings, it will be observed that whereas the currents flowing 
through the aid brushes bb produce a flux at right angles 
to the primary flux, and therefore producing no effect on 
this latter flux as regards magnitude, the currents flowing 
through the main brushes, BB, produce a flux exactly op- 
posed to the primary flux and accordingly diminishing it in 
exact proportion to the strength of the current in the ex- 
ternal circuit. 




Fig. 81a 



Q_=_ 



-4^=r^ 



^ 




^±1? 



Fig. 81b 



It follows, therefore, that for a certain value of the ex- 
ternal current the ampere-turns of the armature will exactly 
correspond to the ampere -turns of the primary excitiiog 
winding, and, being equal and opposite, tiie resultant flux 
will be zero. As without a primary flux the dynamo 
would cease to generate current, it is clear that the limiting 
value to the external circuit which the dynamo can pro- 
duce is that current which makes the armature ampere - 
turns equivalent to the fleld ampere-turns. Further, as a 
very small excess of fleld ampere-turns over armature am- 
pere-turns is necessary to produce the current in the aid 
brushes which set up the working field, a very small diminu- 
tion in the current in the external circuit is sufficient to 
produce this working flux. A variation of 12% in current 
is obtained through a range of train speed of from 21 to 65 
miles per hour. 

Reversal of the direction of rotation of the armature re- 
verses the direction of the aid current, but leaves the cur- 
rent in the primary exciting windings unchanged. The 
horizontal armature flux is, therefore, reversed in direction 
and this, together with the change in direction of rotation 
of the armature, causes the direction of the current in the 
external circuit to be the same as before. 

The efficiency of this generator is approximately the same 
as that of an ordinary generator of the same output, the 
commutation losses being slightly larger while the excitation 
losses are smaller. Both sets of brushes work sparklessly 
when the machine Is running in either direction and over 
any range of speed within the bounds of mechanical safety. 
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AM 
BB 
C 

D 

D 

DP 

ES 

FM 

FL 

HL 

NL 

LR 

MF 

SR 

SS 

TS 



REFERENCES 

Ammeter. 
Batteries; 
Positive terminal of 

cells. 
Positive terminal of 

dynamo. 
Dynamo. 
Dynamo fuse. 
Exterior main switch. 
Field magnet winding. 
Full lights. 
Half lights. 
No lights. 
Lamp resistance. 
Main fuse. 
Shunt regulator. 
Solenoid switch. 
Emergency switch. 




Fig. 32 



SAFETY 



TYPE 



tic** 



SYSTEM 



Generator: The generator, which is made in 2.6 and 4- 
kw. size, is a multipolar shunt wound machine, with one 
(►iece steel magnet frame and interchangeable cast iron 
heads for bolting to commutator or pulley ends of magnet 
frame. The bearings are of the bushing type, made of 
bronze, and alike for both ends of the generator. The bear- 
ings are obtainable in either the waste packed or ring oiling 
type, the oil being added through a filling tube in the side 
of the head and which acts as an overflow, the low lip of 
the filling tube determining the proper level of the oiL 

The armature is form wound with fireproof insulated 
wire, the coils being held in slots by hard fibre wedges. The 
brushes are eight in number (two to each holder), each, 
having separate trigger with spring tension to maintain the 
contact with the commutator. Each brush has the usual cop- 
per shunt to maintain a good contact with the brush holders. 

Pole Changer: The current direction is maintained con- 
stant by rotating the brushes through an angle of about 90* 
whenever the direction of rotation of the armature is 
changed. The four brush holders are mounted on an in- 
sulated supporting ring which acts as an outer race of a 
ball bearing, which is slipped over a finished hub on com- 
mutator head and held in place by a snap spring ring. Th« 
brush rocker has two stops about 90" apart, with luggage 
projections cast on head. While running the friction of the 
brushes on the commutator holds the rocker firmly against 
one of those stops. Reversing the direction of rotation 
causes the brush rocker to be turned over against the other 
stop, changing the position of the brushes, but maintaining 
the same polarity as before. 

Generator Suspension: The generator is supported as 
shown in Fig. 33. The horizontal shafts by which the gen- 
erator is suspended pass through holes in the projections 
cast on the field frame, these shafts in turn being sup- 
ported by links tarried by movable pieces resting on heavy, 
horizontal bars. The bars in the case of steel trucks are 
passed through holes in end of truck frame and then bolted. 

The dynamo is mounted on the car truck outside the end 
sill and is driven by a belt from a pulley on the car axle. 
Fig. 33 shows the general arrangement as applied to a 
standard form of cast steel truck.* The heavy horizontal 
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Tig. 3S. D;rn>mo Snipandgd oi 
ateel bars from which the dynamo Is 
holes in the end or the steel fran- 
bolted to the frame. The ends oi 



-13 the ten-, 
rod. These 



bolted to the end 
of the truck. Tha 
dynamo Is s u s - 

borizontal shafts 
pass ing through 
two lugs on each 
side of the dyna- 



ed on each end by 



resting on top of 

are adjusted by means of screw bolts, to give oroper aUgn- 
ment with the car ade, and are beld securely, after being 
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adjusted, by means of bolts passing through plates bolted 
to the supporting bars. A safety chain Is attached to tbe 
dynamo and the end of the truck, and another safety chain 
to the dynamo and the angle Iron which serves as a brace 
for the ends of the suspension bars. When the tension 
aprluK which surrounds tension rod is compressed by the 
nut. It tends to pull the horizontal bars and generator 
away from the truck and give the required tension to the 

belt. As the vertical center line of the dynamo r 

vertical with any movement of the dynamo, the b '" 
Is the same with either direction of drive. 
Autom. 

nected in series with circuit. ' 
rises to the proper value the shunt winding Is energized 
suOlciently to raise the solenoid and close the heavy lam- 
inated contact when the s«rles coll there maintains a 
firmly closed contacL When the generator voltage drops 
to that near Battery Voltage, the Battery Current, being In 
the reverse direction, causes the switch to " kick out." 

Generator Rsgulator: , The regulation Is by the Carbon 
Pile Besistance Method, the dynamo regulator having two 
colls, one a voltage 
coll connected di- 
rectly across the 
generator leads 



voltage coll at the 
maximum voltage 
which it is desired 
to Impress upon 
the storage battery 



spring. The pull 
exerted on the 
plunger ot the se- 
ries coll at the 
mailmum dynamo 

also baWced by 

the pull of a spring. 

The voltage coll 

controls the pree- 

lS<S'£.Sl",Si "«■■»■ Typ. "I- L.m, l..„l...„ »... 

field circuit and ^ _ ^ 

varies their resistance, as may be necessary, to prevent 

the voltage from rising above the mailmura tor which It 

Is set, as the train speed changes. The series coll comes 

Into action only If the output tends to 

which the regulator Is set, when a proji — — -v" 

engages with a second lever and the seriea coll then 
assists the voltage coll In controlling the carbon pressure. 
When the dynamo Is at rest, the arm connected with tho 
plunger of the series coll rests against a stop at the top 
of the coll and the field resistance carbons are tightly com- 
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pressed by the pull of the spring, so that their resistance 
is low. As the armature begins to revolve current flows 
through the field coils and builds up a voltage which ener- 
gizes the lifting coil of the main switch. 

As soon as this voltage is the same as the battery voltage 
the main switch closes, cutting into circuit the series coil 
of the main switch which holds the switch firmly closed. 

Current now flows from the positive dynamo terminal, 
through the series coil of the main switch and the series 
regulating coil to the lamps and storage battery and back 
to the negative dynamo terminal. 

As the train speed increases and the dynamo is able to 
give its full output, the control is by means of the series 
coil provided the full output of the dynamo can be used for 
charging the storage battery or for the lamps. As the 
storage battery becomes charged and its voltage rises, the 
current tapers oflC so that the full output of the dynamo 
is no longer required, and the series coil arm moves out 
of engagement with the voltage coil arm and rests against 
its stop. The voltage coil then prevents the voltage from 
rising above the voltage for which the regulator is set. 

If a lead battery is charged at a constant voltage of 2.5 
per cell, the charge will start at a high rate and automat- 
ically taper to nearly zero as the battery becomes full 
corresponding to a stop charge. In a thirty-volt equipment, 
having sixteen cells, the battery will be protected from 
overcharge if the dynamo gives 40 volts and the battery 
will be charged in the shortest possible time. If, however, 
the battery is almost discharged and there is a heavy lamp 
load, the demand on the dynamo would be greater than 
its safe capacity, so that the series coil is necessary to 
limit the current the dynamo can give. The action of the 
generator regulator is to cause the dynamo to give its full 
capacity at all times if it can be used, and to protect the 
battery from overcharge. 

Lamp Regulator: The lamp regulator is shown in Figs. 
34 and 35, the general idea being to maintain the voltage on 
the lamps constant by varying in the proper amount a 
carbon resistance in series with the lamps. 

The carbons are compressed by an adjustable spring 
connected to a link acting through a toggle. The pull of 
the spring is opposed by the pull of the electro -magnet, 
which is connected directly across the lamp mains and is 
so designed that the armature will stay in any position 
throughout its stroke when the lamp voltage is right. 

When the lamp voltage is high the magnet becomes 
stronger and pulls the armature down against, the pull of 
the spring and reduces the pressure upon the carbons, in- 
creasing their resistance and bringing the lamp voltage back 
to normal. If the lamp voltage is low, the magnet becomes 
weakened and the spring pulls the armature back until the 
toggle exerts sufficient pressure on the carbon discs to de- 
crease their resistance and bring the voltage to normal. 



AXI4E: GENEBATOR BYaTBMS 



I. 



Dynamo Regulator: When the dynamo Is at rest the car- 
bon discs In the Qeld are tightly compressed by the pull 
Of a spring so that the resistance is very low. As soon as 
the armature revolves, current Is generated which tlows 
through the field coils which energizes the Ufting coll of the 
main switch. When the voltage is the same as the battery 
voltage, the main switch closes, connecting into the circuit 
a series coil, which holds the switch tlrmly closed. As the 
current rises a pull is exerted on the plunger oF a solenoid 
magnet and the pressure on the carbons Is decreased, there- 
by Increasing the resistance in the tleld circuit. 

Lamp Requlator witli Relay: The regulator keeps the 
»oItage on the lamps constant, by varying the pressure on 
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ance In serlea with the lamps, the pressure on the disc be- 
ing varied by an electromagnet working through a toggle. 
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Ganerator: The eenerator Is of the two-pole Bhiint wound 
type with a rated continuous capacity ot 18 amperes at 25 

The bearlpKs are of the ring oiling type and are carried 
by supports secured to generator frame. The Oil Wells 
have an overflow pipe. The armature la of tlie old Gramma 
ring hand wound type. 

Two sets of brushes are carried In cast brass holders 
secured to the generator frame. 

The polarity la changed by means ot a rocking arm and 
friction gear. To change over the direction of the rocking 
arm, two piungers press against lignum-vltae blocks on 
rear end of the rocking arm by means of a spring engaging 
It ona carrying It around to slots. These plungers fly out 



Fig. 40. 8tone Axle Dynamo — Ixiiigltudliial Seetlon 

n when the centrifugal force, due 
nature shaft. Is great enough after 
tne arm ih pusiiuu nunig into the contacts. 

The generator Is euspended by means of an adjustable 
link In such a manner as to leave the generator free to 
swing. The l>elt Is then adjusted to pull Uie generator out 
of the vertical position In which It would naturally hang, 
thus putting a tension on the belt sulilclent to absorb power 
equivalent to the amount of current required at the speed 
for which the belt tension Is adjusted. It Is obvious, there- 
fore, that Increasing the speed will cause the belt to slip. 

No regulator is used as It Is supposed that the cUHhlonlng 
effect of the batteries In connection with a small resistance 
Inserted in the lamp circuit and the slipping of the belt Is 
Huifictent to maintain the voltage within such limits that 
the variation of the candle-power of the lamps Is not an- 
noying. 

The automatic switch is of the fly-ball typo and Is 
fastened on the generator shaft. As the speed Is increased 
to a predetermined point, the weights are thrown out due 
to the centrifugal force and the contacts are made by 
"knife blades" being forced into the proper contacts. 
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The car having attained the "cuttlng-in" speed the cen- 
trifugal force on the governor weights will throw the pole 
changer to the proper position, and cut in the automatic 
switch. The generator is then supplying the current, any 
excess above that required for the lights going to the bat- 
teries. If the speed increases above the point at which the 
automatic switch is thrown in, the belt, if properly ad- 
justed, will begin to slip as the generator is loaded, thus 
causing the voltage to drop; consequently decreasing the 
current. 




Fig. 41. Stone Axle Bsmamo — Method of Suspending Dynamo 



UNITED STATES LIGHT AND HEATING CO. 

The generators are made in several sizes known as L, M, 
and O types. Each generator is provided with four sup- 
porting lugs or feet, made in the form of split bearings, 
which latter are provided with bushings which may be re- 
placed when worn. These four bearings permit the gen- 
erator to be placed upon and secured to the large "U"- 
shaped links of the suspension. The generators are made 
with solid bronze bearings or with ball bearings, the former 
being lubricated by ring chain oiler and the latter by grease 
forced into the bearing by a standard gun. 

Pole Changer: The brush holders are mounted on a car- 
rier which Is carried on ball bearings, which enable it to 
rotate freely wtthin the casing of the generator. The fric- 
tion between the brushes and the commutator is sufficient to 
cause the brushes, and with them tttte carrier, to be dragged 
around as the commutator revolves. The angular motion 
of the carrier is arrested by means of a movable stop. 
When the armature revolves to a right-hand direction the 
brushes and carrier are rotated to the right and arrested 
by the stop in the correct position for commutation, and 
vice versa. As the rotation of the armature having been 
reversed, and also the position of the brushes, it is obvious 
that the acttial polarity of the generator terminals' is pre- 
served< . . • • • ' i 
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Fig. *3. Ki^iow NoB-ad]iutabl« Puallsl Link 

Suapenalon: (For uae on steel trucks and especially under 
cars having deep center sills, the suapenaion atiowD In 
Fig. it is applicable.) For use on wood trucks, some steel 
trucks, but eapeciaJiy with cars with deep center sills, the 
BUBpension shown in Fig, 43 is applicable. This has become 
known s.b the narrow style, because the side bars are rela- 
tively close together, lorming a narrow (ranie. The "U"- 
shaped links upon which the generator la mounted are noii' 
adjustable so tar as their pivotal or vertical length Is con- 
cerned. The side bars are usually fastened by means of 
bolts by means of wheel guards to a point tn the transit. 
en the generator 
by a generator 



F*l«lial Link Snipration, AppIlMl to BtMl Irnok 
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switch, consiBtlns of a solenoid compoiBecl of two coils, one 
the lifting or closing coil and the other the releasing or 
opening coil. These coils act upon a plunger, which is 
drawn up by the lifting coil. When so drawn up, a metal 
brush attached to the plunger connects two terminals, thus 
connecting the generator to the battery. The solenoid switch 
closes the connection between the main feed wires when the 
generator has attained sufficient speed for normal voltage, 
and opens automatically when the generator drops below 
the operating speed. . 
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Fig. 4$. Diagram of Bliss System Type F. 
Constant Current Begulatlon 



U. 8. L. TYPE "F" SYSTEM 

Regulator: The regulator consists of two solenoids which 
are wound with heavy wire and connected in series with the 
main generator circuit. Soft iron plungers are used which are 
connected with a system of levers, and are free to move 
vertically. Each plunger has mounted on the upper end a 
carbon electrode which is normally in contact with a sta- 
tionary carbon electrode. These electrodes normally short- 
circuit a fixed resistance connected in series with the gen- 
erator field and these resistancea are "unshorted" by sepa- 
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rating the carbon electrodes, and the machine is, so to 
speak, practically ^^iUed. The rheostat consists of two 
steps, one of which contains three times the resistance of 
the other. Both resistances are cut out normally by the 
carbon electrodes which are forced together by the action 
of retractile springs. 

Operation: The tension of the springs is so adjusted that 
when a predetermined current flows through the solenoids, 
the plungers are pulled down, just breaking the short 
circuit which has normally kept the resistance out of the 
field circuit. When the short circuit is broken, the field 
current is immediately reduced, and the generator voltage 
drops, decreasing the pull on the solenoid plungers. The 
retractile springs cause the carbons to short circuit the 
field resistance, the generator voltage rises, and the cycle 
of operation is repeated, the result being that the main 
current oscillates or pulsates with high frequency between 
two narrow limits. 

A wiring diagram of this system is shown in Fig. 45. 



U. S. L. TYPE "C" SYSTKM 

Generator Regulator: The generator regulation is main- 
tained by a solenoid having a shunt winding connected 
directly across the generator circuit, which actuates a 
lever exerting a' pressure on a carbon pile disk resistiance. 
As the speed of the machine increases the pressure on the 
disks is decreased, thereby inserting a resistance in the 
field circuit and reducing the generator voltage. 

.i.amp Regulator: The lamp regulator is similar to the 
generator regulator, the carbon pile resistance being In 
series with the lamp circuit. In order, however, to obtain 
a more delicate adjustment a reed vibrator is used to cut 
in and out a resistance across the carbon pile, thus main- 
taining the lamp voltage practically constant. 



U. S. U TYPE "P" SYSTEM 

Generator: This generator is of the multipolar type with 
a cast steel field frame. The armature is form wound. The 
bearings are of the ring oiling type. There are two brush 
holders which are accessible through a hand-hole with re- 
movable cover. 

Pole Changer: The pole changer consists of a movable 
wrought iron ring carrying its current contacts, stationary 
contacts and steel plunger which is attached to the armature 
shaft. The function of the plunger is to engage the mov- 
able ring under a train speed of three (3) miles per hour, 
and rotate it so as to maintain the generator in proper rela- 
tion with the battery. Above a speed of three miles per 
hour the plunger is disengaged by centrifugal force. 

Drive: The generator is belt driven, the proper tension 
being maintained by the use of helical springs attached to 
the under side of the generator and made adjustable with 
the suspension. 

Suspension: An overhung suspension is employed. The 
generator is supported from a 3-5/16" shaft which passes 
through two lugs, the latter being integral parts of the gen-, 
erator frame. Alignment of the machine may be made by 
shifting the bearings carrying the above mentioned shaft. 
The weight of the generator is taken directly by spring 
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Fit. H' IT- H. Im Trra "P" asnsratoT 
a dash pot. The carbon pile Is connected in shunt with a 

resistance and ttie combination connected In series with the 
generator Held wlilch Is protected against sudden severe 
fluctuations o( pressure by a dash pot tilled with glycerine. 
The generator Is made to "pick up" by exciting the Held 
'- — the battery through a resistance. 

Lamp Regulatfon: The lamp regulation is accomplished 
by means or a. flxed resistance in the lamp circuit. 

Operation: Assuming the car to be standing still, tlie 
fields of the gener- 
ator will be excited 
ough a high re- 



produced the prop- 
er relation between 
generator and bat- 



whlch makes the 
generator voltage 
slightly in esceea 
of the b a 1 1 e r y 
voltage, the carbon 

pile shunted across . 

the generator fields * 

has been Inactive. 
The sudden flow ot 
battery and 

Stob ^he^solenold K»' *'■ "^^ B- '^- Tyje "?" Panel 

connected with the carbon pile; the latter is compressed, 
shunting the current around the field, thus reducing the 
generator output to a predetermined value. 
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U. S. L. TYPE S-1 

The Type 8-1 Panel conslsta of; 1. The Benerator cuitent 
regulator. 2. The generator potentUI regulator. 3. The 
standard automatic switch. 4. The lamp regulator relay- 
In addition, It haa mounted upon It the generator armatoTe 
fuse and the generator flelo fuse. The lamp regulator. 
which is an Independent piece o[ apparatus controlled by 
the lamp regulator relay (*), may be mounted, preferably 
Inside the car, or underneath the floor of same, as the 
owner may elect. 



OENERATOR current REeULATOR 
Conctruction: The current regulator conslBtB of an iron- 
clad solenoid having a single heavy winding of edgewise 
wound copper bar directly In series with the armature of 
the generator, and through which the total armature cur- 
rent of the generator flowiL The phmcer of this solenoid 
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is free to move in a vertical direction through a distance 
of about % inch. To the lower end of the plunger is at- 
tached a graphite piston, which fits a cylinder or dash pot 
which, in turn, forms a part of and is cast integrally with 
the frame of the solenoid. This dash pot is nearly air-tight 
and contains no liquid of any kind, the entrapped air and 
the small clearance between the piston and the walls of 
the cylinder affording all the damping action necessary to 
prevent sudden or jerky movements of the plunger. The 
upper end of the plunger engages a roller, which is attached 
to the forked end of the horizontal arm of a. bell crank 
lever mounted upon a hub post attached to the panel. The 
end of the vertical arm of said lever is attached to a thrust 
plate and carbon terminal block, which latter engages one 
end of a horizontal pile of carbon disks. The other end of 
the pile abuts against a solid support. The pile of carbon 
disks constitutes a variable resistance under the control 
of the solenoid and is connected dirctly in series with the 
field of the generator. The arbor upon which the beil 
crank lever is mounted is carried through the hollow hub 
post and slate panel and then bent at right angles, behind 
the panel. The initial pressure on the carbon pile is pro- 
duced by a weight mounted on the rear horizontal arm of 
the bell crank. This weight is fixed in value, and its loca- 
tion on the horizontal arm determined in the factory and 
neither can be altered, but its effectiveness may be altered 
by changing the angular position of the rear arm of the 
bell crank lever, by means of a knurled nut which, being 
directly pinned to the arbor passing through the panel and 
attached to the bell crank by a remov£|,ble screw, enables 
one to rotate the arbor and engage the bell crank at dif- 
ferent angles by shifting the screw in the knurled nut 
from one hole to the other. 

Operation: The current regulator serves two purposes: 
First. It maintains the current delivered by the gener- 
ator constant at all speeds above the full load speed, and 
thus insures constant load and prevents excessive load upon 
the generator dufe to high speeds. Second. It prevents 
excessive loads upon the generator due to the fact that the 
generator may at times cut in on an exhausted battery 
which, having little or no counter E. M. F., would permit 
an abnormally high current to flow from the generator at 
the cutting-in speed. 

THE POTENTIAL REGULATOR 

Construction: The construction of the potential regulator 
consists of an iron -clad solenoid of the same dimensions 
as the Type K-1 lamp regulator relay. It is provided with 
a single high resistance coil or winding wound on a copper 
tube, connected directly across the generator terminals 
which, after the automatic switch has closed, are the same 
as the battery terminals. Within the tube is an upper or 
fixed plunger and also a lower or movable plunger, the 
latter being mounted on a pair of parallel motion reeds, 
which permit of a frictionless vertical movement of said 
plunger within the tube. An air dash pot is formed in- 
tegrally with the lower portion of the solenoid frame and 
a small graphite piston fitted therein, which is connected 
to the lower end of the movable plunger by means of a 
selfr-aligning connection. The dash pot serves, to prevent 
sudden or Jerky movements of the movable plunger. The 
bottom of the dash pot is made of molded insulating 'ma- 
terial, threaded and «. fitted into the dash pot. This insu- 
lating cover is provided with a carbon block terminal 
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I terminal and the insulated ( 
tached to tbe cover lorma the other terminal of the re- 
sistance which Is Included In the fletd circuit of Che gen- 
erator and normally short- circuited by Che contact between 
tbe sraphlte piston and the lower carbon terminal. A brass 
tall rod is attached to the movable plunger and passes up- 
ward throuBh a clearance hole In the stationary plunger and 
carries on its upper end a cross bar, one end of which forma 
a rigid flnear for the attachment of the helical adjusting 
spring, while the other is formed into a tappet, which engages 
a roller on the end of a small multiplying lever. This le-rer 
IB fulcrumed on a rigid support attached Co the upper part 
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of the solenoid frame. The lever engages a short vertical 
stud which passes up through the support, to which the 
lever is attached, and supports the lower contact plate on 
which rests a vertical pile of carbon discs. The discs are 
confined within a cage whose vertical rungs are attached to 
the above mentioned support. The rungs are insulated with 
lava tubes and thus the carbon pile is insulated from all 
metal parts with the exception of its lower carbon plate. A 
bonnet is attached to, and insulated from, the solenoid frame 
and covers and conceals the carbon pile and its operating 
mechanism. In the top of the bonnet is mounted, by means 
of a steel adjusting screw provided with a lock nut, a carbon 
contact block which may engage the upper end of the 
carbon pile. A pressed cap fits over the top of the bonnet 
and covers and conceals the upper part of the carbon pile 
and the upper carbon contact. 

The action of the small lever provided with a roller is 
simply to increase the pressure exerted by the movable 
plunger of the solenoid upon the carbon pile, the dimensions 
of the lever being such that a multiplying effect of 2 to 1 
is secured. The adjusting spring above mentioned is at- 
tached, as was stated, to one end of the cross bar fastened 
to the brass tail rod and is enclosed within a brass tube 
mounted in lugs which are cast integrally with the frame 
of the solenoid. The magnetic pull of the coil is op];>osed 
by the weight of the carbon pile, the multiplying lever, and 
the movable plunger, and also by the tension of the ad- 
justing spring. 

Operation: The carbon pile is connected as shunt to the 
field winding of the generator, but the contact between the 
top of the carbon pile and the upper contact block is 
normally broken or open. The tension on the adjusting spring 
is so regulated that the movable plunger remains in its 
lower position until a voltage of 42 is impressed upon fhe 
coil of the regulator. This voltage is sufficient to cause 
the plunger to move upward, thus breaking the connection 
between the graphite piston of the dash pot and the lower 
carbon contact block, which motion throws into series with 
the field of the generator the fixed resistance mentioned 
above. The movable plunger moves instantly to its upper 
position and raises the carbon pile up into contact with 
the upper contact block, thus establishing a variable shunt 
around the field winding of the generator. The regulator 
now operates to maintain the voltage of the generator at 
35 volts, by varying the resistance of the shunt across the 
field winding. An increase in voltage above 35 decreases 
the resistance of the carbon pile and deflects or shunts 
current from the generator field winding, thus tending to 
lower its voltage. A similar, though opposite action takes 
place with a decrease of generator voltage. 

Three adjustments of the potential regulator are neces- 
sary, but when once made no further adjustments should 
be necessary for long periods. 

First. The lower carbon contact must be adjusted imtil 
a definite contact is secured. 

Second. The tension spring must be adjusted until 42 
volts just raises the movable plunger. 

Third. The upper carbon contact must be adjusted until 
the generator voltage is held to 35 volts. 

The potential regulator performs primarily two functions: 

First. It responds to and- prevents a rise of voltage 
beyond that value which is assumed to represent a condi- 
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tion of full charge in the battery. In the 30-volt system 
this is assumed to be 42 volts, and is undoubtedly very 
nearly correct. A voltage of 42 may be produced in a 
number of ways, some normal and others abnormal. 

The normal manner of obtaining 42 volts in the system 
is by allowing or causing the battery to charge at some 
reasonable rate or near the normal charging rate until the 
battery voltage gradually rises to 42 volts. This action 
may be fairly continuous or decidedly intermittent, de- 
pending upon the train schedule. 

On the other hand, a voltage of 42 will appear abnormally 
and without representing full charge in the batteries when, 
for any reason, the resistance of the battery circuit be- 
comes abnormally bigh. This may occur either through 
sulphatation, loss of electrolyte or the battery circuit ac- 
tually opening. 

As an abnormal rise of voltage is more or less propor- 
tional to the resistance introduced into the battery circuit, 
it is seen that the most violent upward rush of voltage must 
occur when the battery circuit is opened, for under these 
conditions the resistance approaches infinity and it requires 
an infinite voltage to force a finite current through an 
infinite resistance. The tendency of the voltage to rise 
with the increase of battery resistance is due to the char- 
acteristics of the current regulator, the tendency of which 
is really, as was previously explained, to maintain its 
ampere-turns constant, or, what is the same thing, its 
current constant. In trying to maintain constant current 
through an abnormally high battery resistance, the current 
regulator requires and permits an abnormally high voltage 
to develop. This is no refiection, however, upon the cur- 
rent regulator, as it is the fundamental property of such a 
regulator. Actual opening of the battery circuit Is not 
likely to occur with modern batteries and wiring, but it is 
a favorite condition Introduced Into most specifications as 
a 1 test of the ultimate ability of the potential regulator to 
prevent damage and to maintain, If possible, an operating 
system without a battery. 

The first function of the potential regulator Is essentially 
protective, preventing an Increase In voltage above 42. 
It Is assumed that when 42 volts appears. It has been de- 
veloped under normal conditions, viz., due to charging the 
battery. At 42 volts, the potential regulator responds, and 
throws Into the field circuit of the generator a fixed pre- 
ventive resistance, but one not having a value sufficiently 
high to appreciably weaken the field. At the same Instant, 
a small carbon pile under the control of the same solenoid 
of the potential regulator Is bridged across the shunt field 
of the generator. The function of this resistance Is to 
prevent the carbon pile from short-circuiting the generator, 
as obviously a shunt upon a shunt winding would. The 
tension spring of the potential regulator Is so adjusted that 
as soon as the same has come Into play, the tendency 
Is to regulate the generator as a strictly constant potential 
machine at exactly 35 volts, which is the floating voltage 
of 16 cells of Plante battery. The result is that no matter 
what the speed of the generator may be at the time the 
potential regulator acts, the voltage of the same is in- 
stantly brought to 85 volts, at which value It remains over 
all speeds above the cuttlng-ln speed and thereby maintains 
the battery current at zero. There Is an abrupt reduction 
of the battery current to zero and no lower, the generator 
voltage simply falling to 35, where it is held as long as the 
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generator runs above cutting-ln speed. Any lamp load 
thrown on or existing at this time will be carried oy the 
generator, as the voltage of the latter is held constant, not- 
withstanding the tendency of such a lamp load to lower 
the system voltage. If, however, an abnormal lamp load 
heavy enough to reduce the voltage of the system to 33 
volts, in spite of the efforts of the potential regulator to 
maintain 35 volts but still not as great as the full load 
capacity of the generator, is thrown on, the battery would 
naturally be caused to discharge and the generator would 
carry only a portion of such lamp load. But such a re- 
duction in voltage would restore the plunger of the po- 
tential regulator to its initial position, which would short- 
circuit the fixed resistance and remove the carbon pile 
shunt from the field winding of the generator, and instantly 
the current regulator would come into play and permit the 
generator to put out its full load current, which now being 
divided between the battery and the lamps, the lamps pre- 
sumably receiving the greater portion, the charging of the 
batteries at a low rate would begin again and the battery 
voltage would ultimately work up to 42, depending upon 
how much discharge had taken place previous to the restor- 
ation of the potential regulator. 

THE TYPE K-1 LAMP RELAY 

The Type K-1 lamp relay is of more recent design and 
construction. It constets of an ironclad solenoid, whose 
frame is of exactly the same dimensions as that of the 
potential regulator and whose single high resistance coil 
is connected across the lamp mains. Thus the coil meas- 
ures and is responsive to variations in lamp voltage. The 
coU is wound up on a copper tube and inside the tube is 
an upper or stationary plunger, reaching about half way 
down the tube and a lower or movable plunger, supported 
on a pair of parallel motion reeds which permit of a fric- 
tlonless vertical movement of the lower or movable plunger 
within the tube. Attached to the movable plunger is a 
brass tail rod, which extends and carries upon its upper 
end a cage containing a vertical pile of small carbon disks. 
The carbons are insulated from the rungs of the cage by 
lava tubes but are connected with the metallic bottom of 
same. A rigid finger extends forward in a horizontal direc- 
tion from the bottom of the cage, and to its end is attached 
a helical spring enclosed within a vertical brass tube 
mounted in lugs, which are cast upon the solenoid • frame. 
The magnetic pull of the coil is opposed by the weight of 
the movable plunger tail rod and cage, and also by the 
tension of the adjusting spring. Mounted upon but Insu- 
lated from the solenoid frame is a bonnet which covers 
and conceals the cage, carbon pile and tension spring, and 
which carries at its top a fixed contact consisting of a small 
carbon block mounted upon the end of a steel screw, which 
is threaded into the open top of the bonnet and provided 
with a lock nut. Over the top of the bonnet is fitted a 
pressed cap, which covers and conceals the carbon block 
and its mounting screw. The carbon block is adjusted in 
the factory to make proper contact witlx the top of the 
carbon pile. The normal pressure oh the pile is secured 
by adjusting the tension spring in connectix)n with the 
carbon block, and this pressure is made such that when 
normal voltage is applied to the coil, the resistance of the 
carbon pile is just sufhcient to allow the correct current to 
pass through the carbon pile and the operating solenoid of 
the lamp regulator which, in turn, is so adjusted that the 
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correct pressure is exerted on the carbon pile of the lamp 
regulator, and thereby the correct resistance is inserted in 
the lamp circuit, producing normal voltage on the lamps. 
A slight rise in lamp voltage causes an increased pressure 
on the carbon pile of the relay and a multiplied increase 
of current in the lamp regulator solenoid which, causing a 
decreased pressure on the carbon pile of the lamp regulator, 
increases the resistance in the lamp circuit and restores 
the lamp voltage to normal or very nearly normal. As an 
actual matter of fact, the lamp voltage does not increase 
and then decrease as the above description would naturally 
lead one to suppose. Undoubtedly the chain of reasoning 
is logical, but it- is the tendency of the lamp voltage to 
rise that is checked in its incipiency. Conversely, and by 
the same process of reasoning, it can readily be understood 
how a tendency toward reduced lamp voltage is checked. 

TYPE B-1 LAMP REGULATOR 

Construction: The Type B-1 lamp regulator consists of 
an iron-clad solenoid of the same dimensions and size as 
the frames of the solenoids used in the automatic switch 
and the generator current regulator. This solenoid is pro- 
vided with a single coil of a high resistance, connected in 
series with the carbon pile of the Type K-1 lamp relay. 
The action of the relay upon the lamp regulator has already 
been described. The solenoid frame is mounted upon a 
slate, similar in character to the slate forming the base 
of the Type S-1 panel. Mounted upon the slate is a single 
cast bracket which forms a support for the operating 
lever and for the rods which hold the large carbon pile in 
position. The main operating lever is of bell crank form, 
the long end being attached to a movable plunger in the 
solenoid. The lower end of the plunger in the solenoid is 
attached to a graphite piston which works in a dash pot 
cast integrally with the frame of the solenoid. The piston 
fits the dash pot almost air tight and affords all the damp- 
ing action necessary. The multiplying lever is a short bar 
pivoted on the same casting which supports the main lever 
and provided with a small roller at its upper end which en- 
gages a tappet formed upon the vertical portion of the bell 
crank lever. 

The Type B-1 lamp regulator is mounted upon a slate 
of the same width as the Type S-1 panel and is provided 
with similar feet and frame for ready mounting. When 
mounted directly under the S-1 panel, all the wiring is 
carried from the panel to the regulator by copper stj*ips, 
which obviate the necessity of wiring more than one piece 
of apparatus. 

The Type B-1 lamp regulator may be made for mounting 
underneath the car body, if so specified. 
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COST OF EQUIPPING AND OPERATING 
ELECTRICALLY LIGHTED CARS 
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EQUIPMENT AND OPESRATING COST , 95 

COST OF EaUIPPir«Q AND OPERATING ELECTRICALi.y 

LIGHTED CARS 

While direct comparison of costs of electric car lighting 
with different systems is possible, snch comparison would 
be valueless without an exact description of apparatus, 
methods of keeping records and items included. A com^^ 
parison, for example, of the costs of lighting, by a straight 
storage system with a head end or axle generator system 
would be inaccurate and useless without definite knowledge 
of all the items upon which it is based. Moreover, a com- 
parison between the costs for the same type of systems on 
different roads would be of no use when the &ame items 
are not considered or radicalism different methods of cost 
keeping are in vogue. 

The following are the variables which direbtly affect the 
cplBt of train lighting: 

System : 

Straight Storage — ^Make, capacity and number of batteries. 
Yard and repair facilities. Labor cost. 

Head End — Make, capacity and number of batteries per 
train. Make aAd capacity of generator. Yard and repair 
facilities. Labor cost. Method of operating, viz. Time 
operative. Reliability of service. 

Axle Generator — ^Make, capacity and number of batteries. 
Make, capacity and generator. Yard and repair facilities. 
Labor Cost. 

There apparently is a tendency by some roads to charge 
certain Train Lighting Repair Costs against car or shop 
repair, thereby reducing the electric lighting costs at the 
expense of other accounts. It can be readily seen that 
where such practice is in vogue a true cost of electric 
.lighting cannot be obtained, and it would be unfair to at- 
tempt to compare such records against those of other rail- 
roads where accurate accounts are kept. Neither is it fair 
to compare the cost of operation and maintenance of cars 
which are very poorly lighted or where lighting reliability 
Is a second consideration against the costs on those roads 
which insist upon properly lighted cars and absolute con- 
tinuity of the lighting service at all times. 

The following pages show the cost of operation and main- 
tenance of electrically lighted cars and are taken from 
averages of several different roads that endeavor to properly 
illuminate their cars, insist upon continuity of service, and 
it is believed have first class cost keeping systems. 

AVERAGE COST PER CAR FOR EQUIPPING EIGHTEEN 

60-FOOT WOOD COACHES WITH ELECTRIC LIGHTS 
Straight Storage System with Pullm^an Head-end Wiring 
Batteries, 32 cells, 280 ampere-hours capacity, In 

lead-lined tanks -I 600.00 

Fixtures, 5 four-light clusters or single 50-watt 

**Mazda" fixtures 125.00 

Receptacles, 8 2.80 

Wire 39.14 

Conduit 19.80 

Distributing Panel 5.46 

Junction Boxes 5.85 

Lumber (Battery Boxes) 10.79 

Paint, etc : 2.52 

Labor 78.99 

Freight 6.60 

Miscellaneous, Including Gibbs No. 3 Train Line 

Connectors 86.16 

I 083.10 
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AVSRAQE COST PEHR CAft TDtR EQUIPPING TWELVE 
10-TABLE DINING CARS- WITH ELECTRIC LIGHTS 

Axr« Generating System 

Batteries, 16 cells, 280 ampere-hours capacity, double ' 

compartment, lead-lined tanks $ 300.00 

Fixtures, 7 four-light clusters, or single 50-watt 

"Mazda" fixtures 175.00 

Receptacles, 14 ; 4.56 

Wire (No Train Line Wires): 26.18 

Conduit . 18.60 

Distributing Panel , 6.60 

Junction Boxes : 10.20 

Lumber (Battery Box) 10.90 

Panel ;... 2.95 

Generator \ 560.00 

Labor '. .......* 98.65 

Freight . .....;, ; . 12.15 

Miscellaneous Material .- . 94.30 
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COST OF OPERATING 32- VOLT AXLE GENERATOR 

SYSTEM 

Average cost per car per month for maintaining 950 
electrically lighted sleepers operating 11,000 miles perlmonth. 
Averaged from one year's record. 

Labor and Supervision . / ... $ 9 . 12 

Current 71 

Battery Renewals . . . •. ■: 3 .78 

Separator -. ' .36 

Acid .., .31 

Tanks .....: 47 

Lamps . 2.11 

Axle Generator 2 .46 

Miscellaneous Material 1 .90 

General Charge 28 

• $21.45 
No interest or depreciation included in the above. 
No chargte for power en route. 
Equipment four years old (averaged). 

Note: No record of operating costs for head-end systems 
are given as the figures vary considerably with different 
methods and systems, as for instance, it would be an unfair 
comparison to attempt to compare a system U3ing. one set 
of batteries per train with the same system using batteries 
on each car. 
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COST OF OPERATING 63-VOLT STRAIGHT STORAGE 

SYSTEM 

Averag^e cost per car per month for maintaining twenty 
12-secUon sleJ^pi^g . cars for twelve months having twelve 
hour all-night runs: 

Labor $ 5 .93 

Current ; 11.16 

Battery 5.81; 

Acid : 47 

Lead Linings 11 

Separators 16 

Tanks >. 58 

Lamps 2 .19 

General Charge .• .66 

Total $27.07 

Interest on Car Equipment should include all apparatus 
on car used in connection with producing light, say at 5%« 

Depreciation od Car Equipment could be divided as fol- 
lows: 

Conduit 5% 

Fixtures 5% ; 

Wiring 5% 

Batteries 

Battery Boxes 10% 

Generator , 10% 

Generator Begulator 10% • 

2 Lamp Regulator 10% | 

i Note: The battery depreciation will vary with the various 

g types of batteries and methods of operation, but a fair 

J average figure is believed to be about 15%. 

•J tWhen possible this figure should be disregarded and a 

H figure.. as obtained by maintenance in actual service ex- '■ 

g tending over a sufficient number of years to obtain a true . 

Q average value should be used. 

8 Maintenance should include the following items: 

Conduit. 
5 Wiring. 

Batteries <see note under depreciation). 
" Battery Boxes. 
• Generator. .... 

Generator Regulator. 
^ Lamp Regulators. 

. Lamps. 

I Fuses. 

3 Labor: 

General Supervision. 
Tard Supervision. 

Accounting. 

Tard Labor. 
Train Labor. 

Traveling Expenses. 

Power en router and at Terminals. 

Transportation Expenses: Moving apparatus over road 
at per ton mile. 

Terminal Facilities: 
Interest on Yard Wiring Investment. 
Depreciation of Yard Wiring Investment. 
Maintenance on Tard Wiring. 
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Note: Cost of power at terminal should Include all in- 
terest, depreciation and maintenance on power plants 
through power plant switchboard. 

General Expense, such as charging cables, tools, boots, etc. 

The preceding page shows a proposed standard form for 
car lighting cost and accounting that has been recommended 
by the Railway Electrical Engineers' Association Committee 
on Accounts and Reports for the year 1911. It will be 
noted that the proposed form covers all materials and 
information likely to be used or required in Electrical 
Train Lighting. 

The Committee recommends & 5% annual interest rate for 
the entire electrical investment per car and 5% per annum 
for depreciation or rather obsolescence, as it is believed 
that while the apparatus may not be completely worn out 
at the end of 20 years' service, nevertheless, it would un- 
doubtedly be replaced by later type apparatus. 

The proposed form is very complete and unquestionably 
would be of much value to operatin&r engineers to check 
their costs against those of other roads, nevertheless, it is 
a question if the officials having the deciding of such matter 
would agree to some one form of reports. 




SECTION V 



STORAGE BATTERIES 



INCLUDING CONSTRUCTION, TYPES. 
THEORY, CAPACITY, CHARGE AND DIS- 
CHARGE CURVES. TROUBLES AND REM- 
EDIES, PUTTING INTO COMMISSION, 

OPERATION 
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STORAGE BATTERIES 

Tlie accumulator or storage battery most generally used 
for ISlectric Train Lighting purposes in the United States 
has been of the Lead, Lead Plante or "formed" type* al- 
tliough the Faure or "pasted" type and the nickel steel 
battery as manufactured by the Edison Storage Battery 
Company have received no little attention from the Railway 
Companies during the past two or three years. While 
many claims of superiority are made by the advocates of 
eacli type of battery, it is not within the province of this 
book to attempt in any way to discuss their relative merits. 

The following information pertaining "to various types of 
batteries, their care and operation may be of value to those 
readers who are interested in this particular apparatus. 

Plante- Batteries: 

Positive plates, one or more. 

Negative plates, one more than the number of positive 
plates. 

A solution in which the plates are submerged, known as 
electrolyte. 

Separators for preventing the positive and negative plates 
from coming in contact with each other. 

A containing vessel. 

Connectors for Joining electrically the positive and nega- 
tive plates of adjoining cells. 

Positive: The positive plate may be either of the Plants 
or "formed" type, or the Faure or "pasted" type. The 
Plants or "formed" type of positive plate consists essen- 
tially of a sheet of lead, the surface of which, by chemical 
or electro -chemical means has been converted into lead 
peroxide (PbOa), which is of a rich chocolate brown color. 
The body of the lead sheet serves as a support for the 
lead peroxide or "active material," as a conductor for the 
current and as reserve material to be converted into lead 
peroxide as the original "active material" is lost by reason 
of becoming loose from lead sheet and falling to the bottom 
of the containing vessel. 

Negative: The negative, like the positive, may be either 
of the Plante or Faure type. 

Similarly the surface of the negative plate is converted 
Into "active material," but in this case it is spongy lead 
(Pb) or lead which is very porous. This spongy lead is of 
a slate gray color. 

Electrolyte: The electrolyte consists of dilute sulphuric 
acid (HaSOi) of a normal specific gravity ranging from 
1.220 to 1.250 when the battery is fully charged. 

Separators: The separators must prevent the positive 
and negative plates from coming into contact, but they 
must not prevent the electrolyte from reaching the plates, 
must not be affected by the ele^olyte, and must not con- 
tain any substance injurious to the battery. Hard rubber 
is generally used for this purpose. It is made up in the 
form of a thin sheet having numerous small perforations, 
and with several vertical ribs extending the length of the 
sheet to give the proper separation between the adjacent 
positive and negative plates. 

Containing Vessel: The containing vessel is generally a 
double compartment wooden tank, lead lined, resting on 
four porcelain rollers and provided with porcelain buffer 
Uocks at the ends and sides. These porcelain rollers and 
buffer blocks are for the purpose of insulating the tanlu 



LAMP ASSOCIATION 



also serve to make the tanks easier to handle. Fie. 2 
shows the same general arrangement of tank but with fiari] 
rubber Jar in place o( the leaa lining. 



Fir- 1- Muidwd Trpai of Qonbla Tanks and EUments 
■dwood tank coated with acid proof paint. L<ead llnlt 
set in petrolyte or Blmllar compound and parafflne. 



As will be seen in Fig. 2 each compartment c. 

positive and negative group of plates, the several plates 
being burned to their respective cross-straps or bcldges 
with a terminal post projecting through a soft rubber 
bushing set in hard rubber cover. 

The groups of plates are supported on porcelain birttom 
rests, which provide apace for the "active matertal" which 
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"Wtien lead-lined tanks are used, thin sheets of hard 
rubber are slipped between the plates and the nails of tha 
lead lining at both sides and ends to prevent short -clrcul ting 
of plates. The top edges of the lead lining are burned to 
a frame, cast from an alloy of lead and antimony, and re- 
cessed. A hard rubber cover lies in this, leaving an opm 
space around all four sides. This space is then tilled with 




Soft Edge Type 




n Bottom Rssti 



Hagatlve Terminal 
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a Beallns compound to Btop leUc^^ of the electroI]rt<h (or, 
ir thla Is not prevented, the tanks become acid aoaked and 

"grounded" with results as mentioned above. In addition, 
the acid attacks and corrodes all adjacent metal work. 

However, as gases are evolved during the procesB of 
charging, which must be allowed to escape, a plug Which 
has a amaJl vent hole Is provided In the center of the cover. 
By removing this plug the electrolyte may be inspected 
and the height and specific gravity corrected. 

Connector*: The terminals of adjacent cells are con- 
nected together, positive to negative, by means of No. t 
rubber- covered single braid wire. The ends ot this -win 
are soldered Into special copper or brass terminal lugs, 
which in turn are soldered Into the terminal posts ot tbe 
battery, a special low-meltitiK solder l>eUig used tor this 
purpose. 

Manufactura: The capacity of a battery Is dependent 
upon the amount ot "active material" exposed to the action 
ot the electrolyte. It Is advisable to make the "active 
raatertal" In a thin layer and obtain volume by Increasing 
the area exposed. There are several reasons for this, but 
the principal one is that, were the "active material" of any 
considerable thickness, that Is, 14-lnch or more, the gas 
which is evolved during charge would dislodge the "active 
material." causing it to fall to the bottom of the cell. 
Also, the thicker the layer of "active material" the smaller 
the amount exposed to the action of the electrolyte, which 
action cannot penetrate to any considerable depth. For 
these reasons, manufacturers resort to various means In 
order to Increase the superficial area, or area in contact 
with the electrolyte, as. for example, by casting the plate 

__ ..,.-. .- ._ _. _.„_.,__ ..__ __ t_. cornJgatliig the 

■'ng or s wedging 
I Increasing the exposed surface of the 
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"active uMiteriBi" 
■ler, BB tht 
o( reaerv- 



1 lead that is 



Now, 






be converted 
the plate having 



ime weight ot It 

„Teate«t area, will also have 1 

The design of the battery plate 

1 compromise t "' " 

Qould Plats: This plate, shown ID Fig. 3, Is formed by 
stamping the blank plate from rolled lead and then placing 
In a steel frame which reciprocates between two rapidly 
revolving raandrels on which steel discs and spacing waaheri 
are placed. The width and shape of grooves are varied liy 
-rarylng the gauge and form of spinning disks, while the 
"i of the section spun Is determined by adjusting the 
of the frame. 
lard Battery: This plate, shown In Fig. i. Is stamped 
rolled lead, then placed In a machine similar to a 
er," while the tool Is passed over the plate turning up 
ba much In the same manner as a plow; hence It la 
1 as the plowing process. 



having a number ot fljie vertical ribE. 
which extend from one face ot the plate 
! tied togethei 



1th spaces betwi 



.ertlcal ribs a _ -, 

zontal ribs, the whole 1 
tegral with the plate. 



.„ the other. The 

Intervals by horl- 

lUndad by a frame, In- 



The negative plate Is stamped from rolled lead and the 
ribs are formed by placing the plate In a frame and recip- 
rocating back and forward while pressing thin circular 
disks Into the lead. These plates are shown In Fig. 5. 

The Manchester positive plate, as made by the Electric 
Storage Battery Company, and shown In Fig. G, Is made by 
rolling lead ribbon Into spirals and Inserting the resulting 
buttons into circular holes nblch are cast In the antimony- 
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Ttie Shelf negattve plate conelsts ol an unoxldlzable alloy 
grid with vertical ribs and finely divided crosa-rlba. or 
shelves, for holding the active material, which Is locked 
into place by the tapered form of the shelves and ribs. 



Flt-T. Hfttloul 
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Matlonal; TMs plate la of Uie rDlIed lead' type, and ribs 
are formed b? the reclprooatlns rocking: action of a series 
of Beemental knives or cutters forced into the lead, which 
produces what la known as a swedsed rib. This plate le 
shown In Fig. 7. 

Forming: The plates havlnsbeen mechanically developed 
by the above prooess, so as to give the desired amount of 
superficial area, must now be electrically formed to produce ■ 
the desired depth of active material on their surfaces. 

In the fonDing process the plates are immersed In a 
dilute solution of sulphuric acid to which Is added a forming 
reaEent which consists of a lead -dissolving acid or salt such 
as nitric acid, acetic acid or perchloric add. Plain sheets 
of pure lead, known as "dummies," are placed on each 
side of the plates to be formed and a current from an ex- 
ternal source passed through the solution from the dum- 
mies to the plates. The forming acid dissolves the lead 
from the plates to be formed, and the action of the elec- 
trolyte and the current Is to re-deposlt the dissolved lead 
in the form of a lead peroxide on the plate which Is being 
formed. 

This process converts all the plates Into negatives. 

Such of these plates as are Intended tor positive are then 
"set up" In the regular way with those which are Intended 
to be negatives, after each has been burned to its respec- 
tive cross- strap or bridge. Electrolyte Is then added and 
current from an external source is passed through the cell 
from the former to the latter plates. 

The action of the current converts the spongy le*^ of 
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stamp the plate from a sheet of rolled lead or to east from 
molten leaa. The plate before pasting resembles ' a grid 
or frame with intersecting vertical and horizontal cxoss-. 
bars» the edges of which are so shaped as t-o tend to hold 
the "active material" to the plate. 

Faure or '^Paste" Positive Plates: The "active material" 
for positive plates consists of red lead mixed twith a solu- 
tion of dilute acid to form a plastic "paste." The plate or 
grid is then pasted with this mixture and allowed to stand 
for several days to dry; or to hasten the drying the plate is 
placed in an oven. 

The plates are then immersed in an acid bath of electro- 
lyte» and current is passed through them at a low rate for 
several days» causing the lead "paste" to be converted 
into peroxide of lead. 

Faure or "Paste" Negative Plates: The negative plate 
is made similarly to the positive plate, the "paste," how- 
ever, being made of Litharge only. After drying the plate 
is placed in an acid bath, current being passed through the 
plate at a low rate reducing the "paste" to "active material" 
or spongy lead. 

The chief advantages of the "pasted" battery over the 
Plant6 type are its low first cost and light weight. The 
chief disadvantage in the "paste" has been its much shorter 
life^ although improved generator regulating apparatus, to- 
gether with lower discharge current required, due to the 
use of Mazda high efficiency lamps, have been the means 
of reviving this particular type of battery for Train Lighting 
Service. 



EDISON STORAGE BATTERY 

The Edison Storage Battery differs 
materially from all other types in 
theory and characteristics in that it 
has an alkaline instead of an acid 
electrolyte and nickel oxide and iron 
for active materials instead of lead 
peroxide and spongy lead. The ab- 
sence of acid permits the cell to be 
contained in a steel can instead of a 
rubber jar or lead lining. Its chief 
value lies in its light weight, rugged 
construction and freedom from ordi- 
nary storage battery diseases. It may 
be subjected to vibration, concussion 
and remain in a charged or discharged 
condition indefinitely without injury. 

Positive Plate: Each positive plate 
type "A" is composed of thirty per- 
forated nickeled steel tubes, each rein- 
forced by equidistantly spaced steel 
rings and filled with seven hundred 
alternate layers of nickel oxide and 
pure metallic nickel fiakes. They are 
mounted on a nickeled steel grid in 
two rows of fifteen tubes each. 

Negative Plate: Twenty-four rec- 
tangular pockets of perforated nick- 
eled steel, containing iron oxide, each 
secured to nickeled steel grid compose 
a negative plate of type "A" cell. 




Fig. 9. Type A-dH 
Cell. Completely As- 
■eitAied Ready to be 
OoftiieoM- rUy 
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Electrolyte: The electrolyte Is a 
21% solution ot potasBlum hydrate 
(caustic potash) to which Is added a 
small amount of lithium hydrate. 
The normal speclflc gravity, which 
does not change over a long period, 
iB 1.210° at 80° Fahrenheit. 

Iniulatlon: The alternate positive 
and negative plates are Insulated 
[rom each other by vertical hard rub- 
ber pins or rods, eguldlstantly placed. 
Molded hard rubher "ladders" secure 
the plates at their edges and Insulate 
the vhole from the containing can. A 
sheet of hard rubber la placed be- 
tween the end negatives and can. A 
molded hard rubber "stool" forms the 
bottom support for the plates. 

Containing Can: The containing 
can Is ot nickeled steel, all seaTns be- 
ing welded by the autogenouH process, 
"oiygen -acetylene flame." After the 

elements have been placed In the can, rig. U. Tn* A-IH 
the top Is welded on. The poles are Cell, AinmMed 
Insulated from the can and the me- but Entirely Be. 
chanlcal Joint made gas and liquid moTsd from Oon- 
tlght by special stuffing tmzes. tklnn 
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Filling Aperture and Oai 

Vant: The top of the can 
supports a combination flll- 



the conatruotlon of which 
Is apparent from the cut. 
Fig, 13, 

Connectora: The poles are 
tapered to lit the terminal 
lugs and are brought to In- 
timate contact with same by 
setting up on the nuta or 
top of the poles. 

Trays: The cells are as- 
each cell being supported by 
a steel cradle secured to 
the tray. Steel hold-do^T» 
strajra maintain the cells tn ■ 



Charging: The normal Fig. IS. Top of Edison Cell, 
charging rate of the stand- Filling Apartnro and Obwtk 

ard car lighting cell Type ValTO _^sii lor Adding DI»- 
A-8H, 300 ampere-hour ca- tillad Water 
paclty IB 6D amperes for 

seven hours. The cells may be "boosted" tor an hour at 
IZO amperes, for one-half hour at ISO amperes or for flfteen 
minutes at 210 amperes if necessary. They may be charged 
at any point of discharge, or discharged at any point of 
charge without detriment. The maximum P. D. at the cell 
poles on charge at normal rate Is 1.8^ volts, although In 
car lighting practice a cell terminal voltage of 1.8 Is gen- 
erally found to prevail. Therefore the tremlnal charging 
voltage for a 32-volt set consisting of 25 cells will be 45 
volts and for a 64-volt set with 50 cells, 90 volts. 

Dlacharoe: The normal discharge rate for eight hours 
is 3TH amperes, and for five hours 60 amperes. The aver- 
age voltage per cell at the eight-hour rate of discharge Is 
1.24 volts per cell and for a five-hour rate of discharge Is 
1.2 volts per cell. 

Care: The Edison Compai 

1. Addition of distilled n __ 

electrolyte above the tops of the plates. 

2. Renewal of electrolyte every eighteen months to 

3. Keeping the cells externally clean and battery ( 
partment clean and dry. The Edison Company advise 
the plates do not shed active material or buckle, and 
ther, there are no separators to renew. The cell does 
sulphate under any condition of service and nothing 
proxlmatlng sulphate can exist. 



Characteristic Curves: 
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hydrate In solution, the tirst oharglng ol a. cell reduces the 
iron oxide to metallic Iron while converting the . nickel 
hydrate to a very high oxide black in color. On dlsohar.ge 



Tliree A-8H C 



1 in Tr&y Complete 
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the metallic iron goes back to Iron oxide and the high 
nickel oxide goes to a lower oxide, but not to its original 
form of green hydrate. On every cycle thereafter, the nega- 
tive charges to metallic iron and discharges iron oxide, 
while the positive charges to a high nickel oxide. Current 
passing in direction of either charge or discharge, decom- 
poses the potassium hydrate of the electrolyte, and the 
oxidation and reduction at the electrodes are brought about 
by the action of its elements. An amount of potassium 
hydrate equal to that decomposed is always reformed at 
one of the electrodes by a secondary chemical reaction, and 
the consequence is there is none of it lost and its density 
remains practically constant. 

The eventual result of charging, therefore, is a transfer- 
ence of oxygen from the iron to the nickel electrode, and 
that of discharging is a transference back again. This is 
why the Edison is sometimes called the *'oxygen lift" cell. 

THEORY OP LEAD STORAGE BATTERIES 

The following explanation is given by some authorities In 
describing the chemical reactions that take place in dis- 
charging and charging a lead storage battery. 

Electrolysis of water or the decomposition of water into 
its component elements, hydrogen and oxygen, is accom- 
plished by slightly acidifying the water and then passing 
current through it. This is what happens in a storage bat- 
tery. Upon discharge the current passing through the bat- 
tery • decomposes the water of the electrolyte, liberating 
hydrogen at the positive and oxygen at the negative pole. 
In this case the positive pole is the peroxide of lead plate 
and the negative pole is the spongy lead plate. 

.At the moment of liberation the elements oxygen and 
hydrogen are chemically very active and combine readily 
with other substances. The hydrogen combines with the 
peroxide of lead (PbOs), reducing the degree of oxidization 
of this plate and forming lead oxide and water. 

Thus 

PbO, -f 2H = PbO + HaO 

The oxygen at the negative plate combines with the 
spongy lead also to form lead oxide. 

Thus 

Pb + O = PbO 

Complete discharge would therefore change both the 
positive and the negative elements into the same compound, 
lead oxide, the voltaic couple would no longer exist and no 
further discharge could be obtained from the cell. 

When a charging or regenerating current is sent through 
the cell in the opposite direction to that above, electrolysis 
of the water again takes place but in the opposite direction, 
the oxygen being formed at the positive and the hydrogen 
at the negative plate. Being chemically active the oxygen 
at the positive plate combines with the lead oxide to form 
peroxide of lead and the hydrogen at the negative plate 
combines with the oxygen of this compound of lead oxide 
to form water and free lead. 

The chemical equations representing these actions are 

PbO + O = PbO, 
and 

PbO + 2H = Pb + H,0 

When fully charged the battery again becomes an active 
voltaic couple, one plate of lead peroxide and the other of 
spongy lead. 
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Lead oxide (PbO) cannot exist as «uch in the presence of 
sulphuric acid. As fast as either plate is changed into lead 
oxide (PbO) by the process described above the sulphuric 
acid in the electrolyte turns them into lead sulphate 
CPhSO*), the SOs radical in the sulphuric acid combining 
with the lead oxide. This process is called sulphatation. 
The chemical reaction itself is independent of the passage 
of current and will take place whenever lead oxide is im- 
mersed in sulphuric acid, lead and lead peroxide being 
very slightly affected by it. 

In his book on Storage Battery Engineering Mr. Liamar 
Li3^don states that while the foregoing may be a very 
simple attractive theory, it is upset by thermodynamic eon- 
slderations, since lead oxide cannot be changed chemically 
to lead sulphate without the liberation of heat. This heat 
represents all or a large portion of the energy in a storage, 
battery and since this energy is returned it is clearly im- 
possible that the simple chemical combinations take place. 
It. is now generally conceded that the change from spongy 
lead and lead peroxide to lead sulphate is direct and does 
not pass through any intermediate stage. The rest of the 
theory advanced, however, is quite true. 

Lead sulphate Is white in color and possesses such a 
high electrical resistance as to be practically useless as a 
conductor. If the battery should become completely dis- 
charged and the elements turned to lead sulphate, it would 
be practically useless, as the reduction from lead sulphate 
to either pure lead or lead peroxide is especially difficult if 
not impossible. A battery should therefore never be dis- 
charged below a certain limit governed by the amount of 
sulphate formed. This should be very small as enough 
spongy lead or lead peroxide must remain to keep down 
the resistance and permit the passage of current for the 
regeneration of the cell. Furthermore, the formation pf 
too much sulphate is likely to cause breaking or buckling 
of the plates or the forcing off of the 'active material due 
to increase in its volume caused by the change from Pb or 
PbO, to PbSO*. 

Chemical changes take place in the electrolyte during 
charge and discharge causing variations in its density. 
During charge, the SOa in combination with the active ma- 
terial is given up to the liquid forming sulphuric acid and 
increasing the density of the electrolyte. On discharge, the 
converse action takes place, the SOt is taken up by the Pb 
and PbOt to form PhSO*, decreasing the weight and den- 
sity of the electrolyte. 

The following reversible chemical equation explains these 
chemical reactions: 

< charge 

(a) PbO, + HjSO* = PbSO* + H,0 + O 

(b) Pb + HjSOt = PbSOj + H, 

(c) (a) -f (b) = PbO, + Pb H- 2H,S04 = PbSO* + H/) 

discharge > 

Ekiuation (a) and (b) show the chemical reactions at the 

gositive and negative plates respectively and (c) the com- 
ined effect. Equation (c) is the fundamental equation of 
the lead storage battery. 

The above equations show that on charge both the nega- 
tive and positive plates start as lead sulphate (PbS04>-and 
are turned to lead and lead peroxide by combination with 
the dissociated gases of the water in. the electrolyte. The 
SOs lil>erate4 comMnes with the wftter In the tfectrolyte ti> 
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Fig.. 16. Variiitloni of Specific Gravity upon Charge and Pischarge 

',• • '■ • • ■..■■■■-■ , ■ •' 

forip sulchuric acicl (HtSO^). Reading the abore equation 
from left to right shows the action upon discharge^ the lead 
(Pb) and lead peroxide (PbOa) combining with the sulphuric 
acid and forming lead, sulphate i(PbSO«) and water- (HsO). 

.There, are many other intermediate 'reactlo];u3 and by- 
products of deconxpositien thau.thjose. given by the foregoing 
equation but they strictly belong to the chemistry of storage 
batteries and are therefore outside the soope of this book. 

*rhe voltdgeof any battery is dependent upon the char-" 
actef of' the. metals or metallic compounds forming the 
plates and upon the density or concentration of the elec- 
trolyte. The vdltage of the lead storage battery is that of 
spongy lead against lead peroxide as long as any particles 
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of. these matertols are on their respective plates. If the 
elements only are considered and the density be maintain'pd 
constant, the e. m^f . . of a battery should theoretically re^* 
main .constant up to the . point of reduction to sulphate :of 
the lapt traces of spongy lead or lead peroxide, and It. 
should then fetll suddenly to zero. In re»lity ther Toltago" 
falls gradually from the beginning to the end of the dte- 
charge, due to several causes, the chief of which is.:t»e^ 
variatfon fh acid density. Fig. 16 shows this variation pt 
density with nqrmal charge and discharge rates. 

The area of the ^ates ttpon- which the electrolyte aets- 
determines the rate of current at which a battery may 
safely be discharged. The active area in any cell is eqii^l- 
to, the sum of both sides of the positive plates; both sides 
of the plated being active. . : 

The unit of storage battery capacity is the ampere^hdtir. ' 
The total capacity is designated; by the product of the rate 
of discharge in amperes by the., time, during ^whioh the ■ 
diseharge lasts, the battery, beittg considered complet^y 
discharged when a minimum of 1.8 volts per cell is reached. 
There is a considerable variation, however, with the ratfiv 
of discharge, as is shown in Fig. 17, being less at rapid 
than at slow rates. When referring to train-lighting bat- 
teries the eight -hour discharge rate is generally considered 
normal. For example, a fully charged battery having a 
capacity of 280 ampere-hours will discharge 35 amperes 
continuously for eight hotirs without the voltage falling 
below 1.8 volts per cell. 

Aa jihown above SOs is abstracted -from the-«l^etrelyte^ 
upon discharge. If it was all' taken from 'the sulphuric 
acid water only would be left, in which case the voltaic 
couple woul^ shQw.an e. m.f. ot only, about l.^fiv^llis. 

If, after discharge has taken place, the battery is allowed 
to stand on open circuit for a few minutes, it will recuperate 
to some extent and< its voltage will rise. This can t>e ex- 
plained by the fact that the SOs is taken up from the acid '■ 
only at those points and' surfaces where the acid is in 
contact with the plates. As the SOs is removed tlie density 
of the acid is decreased, causing a circulation of the elec- 
trolyte, fresh acid taking the -place of that which is ex- 
hausted. The chemical ebction, however, is slowest In th-e ^ 
minute poreft of the i^ates, where cireulatlon is most diffl^) 
cult, when the cell is allowed to stand on open circuit- 
tinae is allowed for the water or highly dilute add in the 
pores • to diffuse out into th6 denser- 'add, and the latter to ' 
enter. ^It Is evident that the more porous the active material • 
and the better the circulatioo^ of the .electrolyte, the less 
will: be . the drop in voltage as discharge proceeds. 

BHg. 18shows' the voltage changes upon charge and 'dis«- 
charge of- the ordinary type Of cell. It is- seen that the 
voltage during charge* stays reasonably constant arotind 
2.3 volts for a considerable period of time, a continuous 
and relatively rapid rise to about 2,6 volts occurring toward 
the end of charge. It is probable that* intermediate- chemi<^v 
cal changes begin to take place at the point where the-' 
curve begins to rise rapidly, and also that gas. ia produced 
and. the effects of polarization become more marked. 

Upon discharger the voltage curve shows like form to that 
of ' charge except in > the reverse direction.* It drops rapidlgrt 
at the .beginning of discharge to about 2 rvolts, at which.. 
potot it remains very nearly constant until near the end j 
of ulisehavge, when- it begins < to fall rapidly,- and. if the dls^i 
charge be continued, .would drop quickly to sDsro;! Tlifs.> 
suddett-taii In voltage is- due- to auuntberof causes,- tta^ 
most Importaat ^f which is- the formatlonf <tf lemA solpOrafts 
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on the surface of the plate, preventing access of the elec- 
trolyte to the inner pores of the active materiaL The 
electrolyte which is enclosed in these pores rapidly turns 
to water by reason of the abstraction of SOs from the 

The maintenance of the voltage, and consequently the 
capacity of the cell, is dependent upon the condition of both 
the positive and negative plates. If one be . fully charged 
or fully reduced and the other only partially charged, the 
capacity of the cell would equal only that of the least effi- 
cient plate; the battery would be quickly discharged and the 
voltage curve would fall off rapidly. It is necessary, there- 
fore, that both the positive and negative plates be com- 
pletely charged in order that the cell have its full capacity. 
The voltage of the cell is not always an indication of the 
state of the charge and in order to determine the condition 
of the two plates, it is necessary to test them independently. 
For this . purpose a piece of metal, either zinc or cadmium, 
preferably the latter, is immersed in the electrolyte and the 
voltage observed between it and both the positive and 
negative elements. 

The cadmium used must be free from impurities and its 
surface should never be scraped bright. It should rathiar 
be "aged," that is, slightly oxidized, for the reason that 
thete is a difference of potential between bright cadmium 
and cadmium oxide. The bright surface oxidizes so quickly 
that it would be necessary to scrape the test piece clean 
after each reading, if comparable results were to be ob- 
tained by the use of the bright metal. 

In making this test care should be taken to see that the 
cadmium does not come into contact with either of the 
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Fig. 19. Cadmium Carvet on Dito^rge 

plates or connections. The best method to prevent this is 
to cover the test piece with rubber in which a number of 
holes have been punched to admit the electrolyte. 

Upon discharging a cell down to 1.8 volts the voltage be- 
tween the cadmium test piece and the positive plate should 
not be lower than 1.98 and between the cadmium and neg^a- 
tive plate not higher than .18, the cadmium being positive 
to both elements in the voltaic sense. When both readings 
are in the same direction the cadmium negfative reading of 
.18 is subtracted from the cadmium positive reading of 1.98 
giving 1.80, the voltage of the cell. 

The above readings must be made while the cell is dis- 
charging at the normal rate. When fully charged and with 
the normal charging current still passing, the voltage be- 
tween the cadmium and the positive plate should be about 
2.35 and between the cadmium and the negative element 
from .18 to .20. The cadmium is positive to the positive 
plate and negative to the negative element. In. other 
words, voltaically considered, the negative becomes more 
highly electro-positive, and instead of being positive to the 
cadmium, as ft is when discharging, it becomes negative 



















































ZM 






















• 


S2J 


















*CAi 




• 




■ 


■ 










MIUM 








BBSS 






— 










MJ 


/^ ^ 






















ta 






. 










































X 
























b 
















^ 








2 / 
























.« 


















lr£ai 


Miun.. 
















































1 






i 


r J 


i 


1 i 


» 4 


f . i 


f 


r i 


» 4 


» ^ 






Fig* SO. Cadmium Curves on Charge 



.110 NATIONAL ELECTRIC I.AMP ASSOCIATION 

-to H. ~ Flge. 19 and SO show th« conditions between the 
; cadmium teat piece and the two plates. Fig. 19 being that 
of dIscliarBe and Fig, ZD being that o[ charge. 

At the end of charge. Fig. 20, the cadmium is still posi- 
tive to the peroiide plate, and the potential difference be- 

Bad element, but negative, 
■tween them reads In Uie 



nections before making the ..other "reading, 

the voltage of the cell la equal to their difference. 

In making all these readings, the sum or difference of 
the two cadmlfim readings should equal the observed volt- 
age of the cell. It is somewhat dimcult In actual practice, 
however, to check these readings exactly, due to the small 
'..voltmeter deflection obtainable between the cadmium teat 
piece and the negative element. 

Factor* Influanclng Voltage: In addition to the condi- 
tion of the two elements, the voltage of a cell la dependent 

on the density of the electrolyte, the Internal r— '-•■ 

and the .trHoperature. 






storage: battBribs ' 



m- 



Vtg, tt ia a curve sbowins tlie variation of Tottage wtth 

variation In electrolyte density. 

Change of the Internal resistance vaJ'ieB the Intamal drop 
and consequently change a the voltage of the cell. The 
effect, however, Is always so small as to be nesliglble In 
practice. 



I ampere-hour 



Influence of Temperature; The c 
capacity, voltage on charge and dl 
tance and etflciency with variation In temperat 
prtslngly great. 

Eicperiments show that the charging voltag 
and on discharging the voltage iuoreasea with 

The Internal resistance decreases with rise 

The explanation of these heat phenomena t 
In the Increased porosity rtt the active mat< 
lion under the action of heat, and the tr 
" the electrolyte giving a more effli 
latertal and the combining S" 



1 gases. Possibly other causes ma 

will -take place will depen 

ir absolute values on the thickness of the layer i 
Ive material. Its character, and Its disposition, an 
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.. Bstterle* and Their RemMJlM: Lead atoraga 

batteries are subject' to variolu diseases. It is most im- 
portant that the storage battery man have a definite work- 
ing knowledge of -each ot these together wltb the propar 
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remedies in order that the proper life and capacity be effi- 
ciently obtained. 

The principal diseases to which such a battery is subject 
are: 

1. Loss of capacity. 

2. Corrosion of plates. 

8. Fracture and buckling. 

4. Shedding of active material. 

5. StUphatation. 

6. Reversal of negative plates. 

7. Internal q^scharge. 

8. Hardening of negatives in air. 

9. Loss of voltage. 

(1) Loss of capacity may arise from several causes* such 
as clogging of the pores of the lead sponge with sulphate 
or impurities, contraction of the pores, loss of active ma- 
terial from the plate, formation of a layer of sulphate 
between the plate and the active material, or insufficient 
amount of electrolyte. 

When the negative plate shows a decreased capacity, 
and exhibits no sign of sulphatation or no loss of material, 
it will be generally found that the material has shrunk or 
the pores are clogged with sulphate and impurities. This 
seldom happens on train-lighting batteries, but when it 
does, the plates must be rejuvenated by reversing. 

When the plates are to be rejuvenated the battery is first 
discharged, the negative elements removed and placed in 
a bath of sulphuric acid of 1.200 density. They are then 
connected up for the passage of current in the reverse man- 
ner to that in which they were normally intended to . be 
connected. "Dummy" plates of plain sheet lead about 
■f^ inch thick should be used as cathodes. When current 
is passed through the plates the spongy lead is first turned 
to lead oxide (PbO), and then as the action continues, to 
peroxide of lead (FbOs). When this final change is accom- 
plished . the bath is renewed by the substitution of fresh 
acid and the current is again reversed. Fresh acid is used 
in order that the impurities may not be deposited on the 
negative plates. When the plates cu'e finally c<mverted back 
to spongy lead and reassembled with the positive plates 
it will be found that the capacity of the battery has in- 
creased and been brought up to nearly its original condition. 
If dummies can be secured the positive plates should not 
be used for this purpose and reversal of both sets of plates 
should be avoided. 

(2) Corrosion of plates may occur from either of the 
two following cauises: 

(a) The chemical action resulting from electrolytic de- 
composition of highly dilute acid in the pores of the active 
material, or (b) the presence of lead dissolving acids or 
their salts in the electrolyte. 

There is no remedy for the first condition, which occurs 
in every cell if the discharge be carried too far or if the 
plates have a thick layer of active material when the dis- 
charge rate is high. The presence of lead dissolving acids 
in the electrolyte will be manifested by a continuous in- 
crease in capacity, cjhowing the forming process is still going 
on attacking the plates. The obvious remedy is to change 
the electrolyte, and substitute fresh acid free from injurious 
substances. In addition to these effects, there is a normal 
slow disintegration due to the action of the acid and products 
of decomposition. It cannot be. entirely stopped as it is the 
natural depreciation to which the plates are subject. It can 
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be partly remedied, however, by decreasing the density of 
the electrolyte. 

CorroslTe action of liquids upon solid substances imm«rsed 
in them takes place with the greatest rapidity at the sur- 
face of the liquid. Battery plates which project above the 
electrolyte go to pieces at its surface before the submerged 
parts have greatly depreciated. This effect can be greatly 
reduced by keeping the plates covered with liquid and mak- 
ing the lugs,' which pass from the plates out to the terminals, 
of thick; dense lead. 

(S) Fracturing and buckling are due to etcessive or un- 
equal expansion. They indicate that the discharge was 
carried too far, that the rate was too rapid, or that the 
current distribution over the plate was not uniform and 
certain portions were too far or too rapidly discharged* It 
will be seen that the buckling can take place even at normal 
current rates if the formation of active material, or its 
application, be not uniform over the exposed surface. Should 
buckling occur under these conditions it would indicate a 
defective plate. 

Buckling on rapid rates of discharge may be due to slight 
inequalities of distribution of active matencd, togetheir with 
differences in electrolytic densities which occur in deep tanks. 
Discharge at high tiemperature may alsd cause buckling, 
due to the increase in capacity and the cohsequent forma- 
tion of sulphate, the bulk of the active matiferial being more 
greatly changed than if the discharge had td.ken place at a 
low temperature, and less capacity had ,beeh delivered. 

There is no remedy for troubles due to defective plates 
save to keep the electrolyte circulating, refrain from dis- 
charging too far and keep excluded from light ati^ air. 

(i) Shedding of active material cannot be prevented if 
it is improperly formed or applied, or if it is of such a 
character that it easily disintegrates or loosens from the 
grid. With good active material shedding occurs, however, 
due to expansion and contraction which the grid cannot 
follow, to the rapid release of gases when charging at high 
rate, or upon overcharging. When shedding tiikes place in 
a greater degree than ordinary usage and depreciation call 
for. the following rules should be observed: 

Charge at low rates; do not overcharge, i. e., do not go 
above 2.6 volts; do not discharge down too far, say belQw 
1,8 volts. 

(5) Sulphatation of the injurious kind difters from the 
nornial sulphatation of charge and discharge, in that it is 
almost irreducible, causes shedding of active material, buck- 
-. ling, loss of capacity, increase of internal resistance with 
consequent reduction of efficiency, and increase of tempera- 
ture with passage of current. 

The causes of over-sulphatation are c^ver- discharge or 
rapid discharge, either of the entire mass of acUve material 
or only certain portions of it, and the injurious effects are 
those which rise from great increase in ' resistance and ex- 
cessive expansion and contraction^ which are mentioned 
above. 

The causes of over-discharge are: <a) Intentional, 
through external circuit; (b) • local action and leakage; 
(c) loosening of active material which discharges but is not 
traversed by current on charge and consequently becomes 
over-discharged; (d) short circuits between plates. 

Excessive discharge rates also tend to form a layer of 
sulphate on the plate preventing the electrolyte from reach- 
ing the inner recesses of the active material. Thisi causes 
the discharge action to take place only ou the outer layer 
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. and results in «a over-discharge of this surface and the 
formation of non-reducible sulphate. 

Wl^en for any reason the active material is not in olose 
-cciintaot with the grid, the electrolyte Is able to i>enetrate 
between the two. Obviously the .auction on discharge will 
take place most rapidly, at this. point and: a layer of sulphate 

. wiU be formed on the surface of th<e* active .material: -next 
to the grid. When the lead or lead peroxide is suffioiently 
• reduced, this layer of ;»ulphate becomes non-conducting and 
current cannot be forced between the plates exeept at high 
voltage. TJie above proqess of sulph^tation . is augmented 
if either the acid density or the temperature is hjgh. 
• In addition, to these injurious en^ts, those previously 
mentioned, due to chai^ge <of y plume, of the. active material, 
and . bucklmg, generally result.. 

Lockl action ^nd short circuit between the positive, and 
-negative e]^ment[^ , will bo^h cause over-discharge and the 

i consequent injurious sulphatation. 
'.Lead sulphate is white, in color and the manifestation of 
its presience is the gradual lightening in color of the a^ected 

: parts.. JX the process is cpntinued eventually ^akes of pure 
white sulphate wHl be formed over the plates or those por- 
tions affected by the actipn. 

The . "best remedy for sulphated plates is a charge and 
discharge, the rate depending on the degree, of sulphatatipA. 

. When the . plates are only slightly affected they should be 
subjected to a long slow charge and discharge, at, a rate of 

■ about one-half normal. When the plates are badly sul- 

. .phated they should be subjected to a long'heavy. charge, and 

,disc4iarge at a rate not to exceed twice the normal rate. 

Care must be taken that the temperature of the cells does 

not exceed 105* P. 

Xn case only one ceU is affected It shoiUd be taken out 

* of the sfet and .treated separately. If either the positive or 
ne^tlve plates alone are affected they should be removed 
from the cell, set. up with dummy plates of lead and treated 

' as above. . . 

The electrolytic density itnd the temperature should also 
he within the prescribed lipaits.. While neither of these 
factors directly cause sulphatation; they greatly assist the 
real causes and accelerate and augment this injurious action. 
• Short circuits should be prevented by keeping the cells 

' cleaned out atld never allowing the sediment,' Which is a 
conductor, to accumulate in the bottom or between the 

' I>lates on th^ separators. Also, the separators and spacing 
of the plates should be given occasional attention. 

When an excess of sulphiate once forms, several cycles 
of charge and discharge are necessary to bring the battery 
Up to its normal capacity. The first charge should always 
be a prolonged overcharge. 

(6) The- reversal of negative plate occurs on account of 
loss of capacity of one oe)I, or because some cell or cells 

^ are not in the same charged condition as the balance of 
the set, the defective cell or cells being bverpowered by the 
large capacity cells,- and reversed. The remedy for this Is 
the removal of the defective cells in order that they may 
separately be brought to the proper charged condition. The 
cause of the losjsof capacity of these particular cells must 
be -ascertained and corrected as otherwise the reversal will 
again occur. 
A cell in series- with other cells may be overcharged by 

' cutting it in on charge and out on charge. 

(7) "Local Action" is the term applied to the internal 
discharge that takes place between the active material and 
the grid or betweieh the active material and metallic im- 
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purities on the same plate. It ocears :most frequently at 
tbe negative or spongy lead plate and is "f recruently due to 
impurities in the electrolyte. 

. -The negative plate^ when isharged, should never be per- 
mitted . to - beoome dry or exposed ta the action noff the at- 
mosphere. Oxidization i of the sponge lead will take place 
very Quickly, with the result that the plates beeome very 
much heated and harden rapidly and it is then very. difficult 
to reduce the. active material to sponge lead. The remedy 
is to use pure electrolyte, and keep the platea well covered. 
Loeal action often results in filling up the pores of the 
sponge lead with deposited impurities and sulphate^ thereby 
reducing the capacity. 

If the negatives are of suoh character as to stand reversal 
they may Jse revitalized by the method described under the 
heading "Loss of . Capacity.*' 

(8) Hardening of negatives in air proceeds from oxidisa- 
tion and heating and leaves the spongy^ lead in a difficult 
condition to reduce to its proper form. The only method 

' is by a continued' overcharge. If possible this should be 
done* using dummy positives as this battery positives would 

' very likely be injured if subjected to. thd aoxiount of ov^- 

• charge necessary to remedy "this condition. If< however, 
conditions are such as to require an immediate remedy and 
no dummy positives are available,, the: battery positives 
would probably be used without serious Injury, providing 
the overcharging^ Is done at not .moire than one-half the 
normal rate. •■■.'■ 

(») .Loss of voltage is of . frequent occurrence. In a -bat- 
tery, of any size there, are generally one or- more cells ^ that 
show an e. m; f. less than nonkial and at times they may 
reverse their polarity. This diminished: e. m. f. is due to 
the abnormal amount .of sulphate in the. active material* 
which must be redueed and its' cause etscertairied and- cor- 
rected as explained in. the above paragraph on suiphatation. 
Electrolyte: .The electrolyte, used. on stoxiage batteries of 
the lead lined type consists of dilute sulphuric Ucid Jiavlng 

. a specific gravity of from 1.200 to 1.200/ depending* on* the 
aihdunt- of electrolyte and the constx*uctiou of the eelli It 
should be free from all . impurities ■ such as hydrochloric, 
nitric or acetic acids, iron, arsenic, antimony, copper and 
lAercury, or the slightest trace of platinum, and by analysis 
must not exceed the -following: 

Arsenic ':. . . .. .\ Trace 

Manganese .'■ : ;.-..... .\ Tface 

Iron :....;.. .'.0.003% 

Chlorine . '. ... .................... .0.001% ' 

Nitrogen, afty form . : :*.. ^ ...... . 0.01% ' ' ' 

Copper'. ...' .......' ..0.002% 

Sulphurous acid ':..... v None : ]' : ' 

Organic matter \,:.... None 

The following is a description by bijxe of the leading haX- 
tery authorities of the test for the trarlous Impurities which 
are liable to be found and which, are ,>li:UUriQus to ,the 
- battery: 

Iron:, The impuilty . causing the most trouble in cjtr. ligltt- 
' ing work is iron, and wh^n batierie^ are cleaned . the ac^d 
removed should be tested to ascertain. Whether oir not It 
shoi^ld be used again. Test should be. made as follows: 

Commercial acid to be mixed with ah EQUAL VOLUME 
of a 5% solution of ammonia sulphpcyanide which can be 
obtained from druggists and should b& made, as follows:.' 

Ammonia sulphocyanate cryst . . . . . . 1- oa. 

;Water . ..- ■■.■ ...,......,..;,..... ..2p.oz. ■. 
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If iron is present the solution will turn a red coloa:', the 
shade of same being dependent upon the percentage of iron 
present. This should be compared with' two sealed test 
tubes, one containing electrolyte with .019{) of iron and 
equal portion of reagent and one containing electrolyte with 
.0<^% of iron and equal portion of reagent. Of the sealed 
test tubes, that having the .01% of iron will l>e the darker 
color and if the color of the acid and reagent under test 
is darker in color than this, the acid should not be used. 

Copper: Add a solution of ammonia to a portion of the 
electrolyte. If a bluish>White precipitate appears copper is 
present in the electrolyte. 

When an excess of ammonia is added and the liquid be- 
comes alkaline, the precipitate disappears and the liquid 
becomes a dark blue color. 

Mercury: The presence of Inercury in the electrolyte is 
indicated by a black precipitate when lime water is added, 
or by an olive green precipitate when a solution of potas- 
sium iodide is added. 

Arsenic: Pass sulphuretted hydrogen (HsS) through a 
warm dilute solution of electrolyte* If a yellow precipitate 
forms, it is probably arsenic but may be sulphur, caused 
by oxidation of HaS by ferric salts or nitrates. Take two 
test tubes and put a portion of the yellow liquid in each. 
Add to one ammonium sulphide* to the ' other ammonium 
carbonate. If the yellow precipitate is an arsenic compoiHid 
it will be dissolved by ammonium sulphide, but not by 
ammonium carbonate. 

Nitric Acid. Tests: (1) Make in a test tube a solution 
of ferrous sulphate (FcsSOa) and add sulphuric acid (HsSOi). 
Shake well and allow to stand until cool; then without mix- 
ing, ciurefully pour in the solution to be tested and lightly 
tap the side of the tube. If nitric acid or nitrates are 
present, a brown ring will be formed where the liquids meet, 
and which disappears upon shaking. 

(2) A solution of a nitrate with sulphuric acid and a 
few bits of copper will give off reddish fumes. 

Hydrochloric Add. Test: To the solution add silver 
nitrate <AgNO«). This gives a white precipitate, silver 
chloride (AgCl), insoluble in nitric acid but soluble in 
ammonia. . 

Acetic Acid. Test: Add ammonia (NH4OH) to the solu- 
tion until it becomes neutral; then add - ferric chloride 
(FesCU). . If the solution turns red and is afterwards 
bleached by the addition of hydrochloric acid (HCl) there 
is acetic acid present. 

Inspection: A pint bottle for test should be made up from 
each shipment of acid and contain a portion of acid from 
each carboy; this should be sent to some competent chemist 
for test and none of the consignment used until a report 
of its acceptance has been received from the chemist. 

Specific Gravity: The density of the electrolyte is de- 
pendent upon the proportions of acid and water; in other 
words, it depends upon the degree of dilution of the acid, 
and is measured by means of an hydrometer. 

The hydrometer consists of three parts: (1) The upper 
part — a graduated stem or dne tube of uniform diameter; 
(2) a bulb or enlargement of the tube, containing air; (S!f a 
small bulb at the bottom, containing shot or mercury, which 
acts as a ballast and causes the tube to float in an upright 
position. 

The density is expressed in terms of specific gravity; 
i. e., the ratio of the density of the liquid to pure water, 
or in terms of some arbitrary scale such as the Baume, 
Twaddles, etc. For car lighting service this must be main- 
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tftined at from 1210 to 1225; a specific gravity of 1220 being 
considered the best. 

When testing a cell for the specific gravity of the elec- 
trolyte with a view to correcting same, the following method 
should be pursued: Fill the cell with water and place on 
charge; when fully charged test the specific gravity* and 
add . as much acid or distilled water as may be necessary 
to bring the specific gravity of the electrolyte to 1220. 

As explained in preceding paragraphs, the electrolyte must 
be kept above the tops of the plates and as much higher 
as the construction of the tank will permit. As it is essen- 
tial that the electrolyte be free from all impurities only 
distilled water should be used in diluting the acid. 

Water obtained by condensing steam from a steam boiler 
should not be used, as it is liable to contain oil or chemicals 
used in purifying the water for boiler purposes. The water 
should be condensed in a copper still, and a copper or lead 
pipe or a rubber hose should be used for the purpose. 

Whenever the electrolyte is found to be impure due to the 
presence of any metal other than lead or of any acid other 
than sulphuric, it must be immediately drawn off and new 
electrolyte applied. 

The purchase of an acid of low concentration, say 1200 
specific gravity, is much more convenient than an acid of 
higher specific gravity and diluting, and it is claimed that 
it is superior to that obtained by dilution on account of 
being more carefully prepared. 

When diluting an acid, the acid should always be slowly 
poured into the water, and not the water into the acid. The 
reason for this is that a chemical combination is formed 
which liberates heat, thus raising the temperature of the 
electrolyte, and if the water is poured into the acid the 
action is more rapid than if the acid be poured into the 
water. 
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After dilution the electrolyte must be allowed to cool 
before using. It will be found that upon cooling the specific 
gravity is greater than when hot, but this can be lowered 
to the proper value by the addition of a little distilled 
water. 

The density of the electrolyte governs to .a great ■ extent 
the operation of the battery. If too denser the electrolyte 
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tQiiAsitO'. eva4;»orajte more;re^Uy/ aiilpbatatlon la taoUltatdd 

and the plates are liable to rapid depreciaticm. -, 

The specific resistance o£ sulphuric acid is least at a 
density at about 1260, rising If the density - be either in- 
creased pr decreased. A curve showings the . variation of 
readst^noe with , specific gravity is shown In Fig. 28. 

OenerarinsWuction's: Batteries must never , be allowed to 
stand in a discharged' condition* but should be p.^t on charge 
as quickly as possible after discharge. 

.Reading of the voltage of individual cells should be taken 
every two weeks with a voltmeter having a three-volt scale, " 
such readings being taken with the battery on discharge* 
subsequent to a ^ull charge. Each cell should read at least 
t^O vqlts. If any cell reads below this, action should, be 
taken at once to determine the cause of the trouble and to 
correct same. , , ' 

Keep the plates covered with, electrolyte. 

.Readings' of the specific gravity of the electrolyte of the 
individu^^ cells should be taken once a month, when, each 
c^ll is ifi, a fully charged condition. The electrolyte should 
then have a specific gravity of 1215 to 1225. If the specific . 
gravity. of the electrolyte is outside these limits it should 
be. corrected by adding, acid or water as may be required 
to bring it to 1220 degrees. 

Never allow charged negative plates tp become heated by 
standing in air; submerge or sprinkle them with water, 
until they show no- tendency to heat. 

In setting up b^'tterieSj after cleaning or repairing, see- 
that all separators, bottom in&ulators, and hard rubber in- 
sulating sheets are in place. Particular attention should be 
paid to connecting the battery up properly, positlvia to 
negative., 

Use distilled water only. 

Walt until the electrolyte cools before using. 

.Keep tlie> covers of the t^^ik clean. ... 

; Keep the connectidns clean and tight. 
. When cleaning battery, paint all tanks. 

The foregoing article treats to some . extent on the 
theoretical side of the battery and the reader must not form 
the idea that a storage battery is a very delicate piece oJE. 
aipparatus and that all of the tests and suggestions giveipi 
aire absolutely necesisary and must be strictly adhered to 
in order to obtain a satisfactory life out of a battery. While 

laboratorj^ conditloxis" 'undoubtedly tend to lengthen th^ ; 
l^fe,. such conditions cannot exist in practical operation^ ** 
i^evertheless, a little Intelligence and care in handling bat- - 
teries will go a long way toward obtaining satisfactory 
service. For this reason the following instructions for the 
care and maintenance of batteries, by one of the leading 
storage battery manufacturers, are given. 

PUTTING THE BATTERY INTO COMMISSION 

''Treatment of Batteries Received* Assembled:- Batteries fai 
lead-llned tanks are usually shipped fully charged ready f<nr 
service. Before . being placed in comniission.' each . battery 
should be thoroughly inspected and any loss of electrolyte 
replaced with acid ,of 1225 specific gravity. The battery 
should then be given a freshening chafge at the finish rate, 
until the voltage atid specific gravity have remained at a 
maximum point for 'two hours. At this time all the cells 
should be gassing freely and the battery la ready for eervice. 

- Assam bllfltge If the batteries are received knocked down, 
tbey should be carefully unq;>acked and assembled. Place 
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the elements on edge on a convenient bench or table with 
the fjace of the plates at right angles with the surface of 
the table. Put in the separators between each plate> after 
which the elements should be carefully inspected to see that 
no separators have been omitted. Place the hard rubber 
sheet lining and the porcelain rests in the lead lining. Four 
pieces of sheet tin are bent down six Inches oVer the hard 
rubber lining. These pieces will prevent breakage of the 
hard rubber linings when the element is slipped into posi- 
tion, and are removed after, the cell is assembled. The 
element, including the separators, is lifted up by taking 
hold of the connecting straps, and carefully placed in the 
tank. 

In order to prevent the separators from sliding down it 
is advisable to encircle the element with a strap. Which can 
be pulTed' out after the element is placed in position. 

When placing the elements in the tanks, it Is very essen- 
tial that they all be placed so that the positive post is on 
the right-hand side when facing the front end of the tank. 

Initial Charge:- Connect the cells in series by means of 
temporary connections, always connecting the positive post 
of one element to the negative post of the adjacent element. 
Pill the cells with electrolyte of 1210 specific gravity, cover- 
ing the plates by about one inch. Connect the positive 
terminal of the battery to the positive terminal of the 
charging source, and the negative terminal of the battery 
to the negative terminal of the charging source, after which* 
the initial charge can be started at a rate equal to the 
finish rate. After the battery has been on charge for two 
hours, it is advisable to go over all the individual cells with 
a voltmeter in order to Ascertain that the cells are con- 
nected properly and not in a reverse direction. 

The charging is continued at the above' rate until the 
specific gravity in all the cells has reached a maximum and 
remains at this point for at least six hours. This will take 
approximately from 40 to 50 hours, but the length of time 
shotild not determine the end of the charge. 

The initial charge does not need to be continuous, but can 
be discontinued over night If necessary; but the battery 
should not be put into sei*vi<ie until it has received a com- 
plete initial charge. 

The specific gravity of the electrolyte at the end of the 
initial charge is in the neighborhood of 12.25. If the cellel 
Show uneven specific gravity, the same should be adjusted 
and evened up at the end of the initial charge. 

The temperature should be watched very carefully, and 
should not be allowed to exceed" 110° P. When the tem- 
perature approaches this point, the Charge should be dls^ 
continued until the cells have cooled dowh. 

It is good practice to give ekch cell one or two discharges 
before, putting into service. 

Seating: After the cells have been given their • initial 
charge, they should be thoroughly inspected to see that the 
plates have the proper color ana are In the proper eondl^ 
tion. After this, the crown of the lead lining ■ should be 
thoroughly wiped off and dried with a fiame. The bushings 
are inserted in the hole of the cover. The t holes of ' the 
bushings are painted with vaseline and the cover is placed 
in position, the bushings being so adjusted that they hold 
the cover down on the ledge provided for the same. A 
weight is placed in the center of the cover and' the cover 
Is sealed in. Care should be taken not to get the sealing 
compound too warm, as it will flow down into the cell. The 
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recess in the cover is filled with compound, the excess being 
cut off with a heated putty knife. 

Attet the cover is sealed in the connectors are soldfered 
into place or bolted on, depending upon .what type is used, 
and the battery is ready for service. 

OPERATION 

General Rules: In order that the best life may be obtained 
from a battery it is necessary to exercise the greatest care" 
in the daily operation, of the same. The fofl'owing rules 
should be carefully followed: 

. Give the battery the propet* amount of charge. 
. Do not undercharge the battery. > i . 

Do not overcharge the battery excessively. 

.Do npt discharge the battery beyo;nd safe Umi^. 
' Do not allow the battery to remain discharged. 

INVESTIGATE AS SOON AS THERE ABB ANT SITMP- 
TOMS OF TROUBLE. 

Pilot Cell Operation: In order to determine the state of . 
charge and discharge of a battery, the pilot method of oper-^ 
ation is most reliable^ as it is not to any great extent 
dependent upon the condition of the battery and pperating 
conditions. 

The pilot method of operation consists in taking the 
specific gravity, of one cell in the battery and comparing 
the reading obtained with previous readings, thus determin- 
ing the state of charge and discharge and the condition of. 
the battery. The cell of which the specific gravity is taken 
is called the pilot cell and should be properly .marked for 
identiflcation. 

In case the batteries are operated, two halves in parallel, 
it is necessary to have one pilot cell in each hal^. 

In the pilot cell, the level of the electrolyte should be 
maintained as nearly constant as possible by the Sequent 
addition of distilled water, the water being added after the 
specific gravity readings have been taken, but before the 
charge is started. 

At the time that the battery is given the reforming charge, 
the, specific gravity of the pilot cell and the temperature of 
the electrplyte should be taken; likewise at the end of the 
reforming charge. This , should . be recorded on the outside 
of the pilot cell. This specific gravity reading is called the 
maximum gravity and is u^ed as . a standard for judging 
th^e state of the charge and discharge of the ceUs. 

Upon the arrival of the car in the yards, the speclfiQ 
gravity of the pilot cell, together , with the temperature of 
the electrolyte, should be taken and properly recorded. The 
specific, gravity reading should be corrected to 70" F. This 
reading compared with . the maximum gravity and with 
previous readings will give the condition of the battery, an<3^ 
the same can be taken care of according to the conditions 
of ' the service 

If the battery is used in connection with the axle or the 
head^end systems, the pilot cell reading will show wbetber 
the battery needs an extra charge at the terminal, and It 
will also show whether the regulator on the machine is 
set nronerly 

Before the car leaves the : terminal a second pilot cell 
reading can be taken, serving as a check on the amount 
of icharge given the battery. This reading should also be 
recorded. - 

Voltage Operation: In addition to th^ specific gravity of 
the pilot, cell, the terminal voltage of the battery should 
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^e taken with all the lamps burning, and aftei' they have 
been bulling for at least five minutes. 

.This voltage readjLng serves "as a ch6ck oix the gravity 
reading. If it is lower than should be expected from the 
gravity reading, tbe voltage of each individual cell should 
be taken in order to detect those that are low. If any of 
these are found, the cause of the trouble should be inves- 
tigated and reniedied immediately. 

In . operating the battery the .voltage alpne sltf)tUd prefer- 
ably not be used as a guide, as it wiU vary with the tem- 
perature, the age of the battery and the amount, of cur;*enf 
flowing from the battery. . , : > 

Charging: In regular service the current at the beginhing 
of the charge should be double the eight-hour discharge 
rate of the battery. If, for any reason, it is hot • practlodl 
to*use this rate, any rate between the starting rttte and 
the finishing rates can be Used. The 'charge should be con- 
tinued at this rate until the voltage rises, to, 2.55. volts, ^er 
eel^ at a normal temperature, the rate then being redU0e4 
to tixQ . finish rate. Continue the charge at the lower rat^ 
until the voltage has ceased to rise and has reached a mAxX' 
mum. This ' point is determine4 by taking one-hall houp 
readings toward the end of the charge. 

The maximum voltage is not a fixed quantity but wlU 
vary to a great ea;tent with the temperature^ the agi^ of 
the battery and the charging current. , 

If the tehiperature of the battery at any time during the 
charge rises to 110° F., the charging rate should be. reduetad 
QE thp battery should be allowed to rest until cool. . , ^ 

Reforming Charge! Regular charging in service may Hot 
comi^^ely reduce, the sulphs^tj^ in the : plates, and . it ,is, 
therefote," heciesSaf-y to giv6 the battery a reforming charge 
at regular intervals, the object being to reduce all sulphate 
and to even up the cells. Th€f best time to give the battery 
this char'ge is when if Is removed from the car for Inspec- 
tion, as the spfeciftc gravity should l^ .used »aQ. a^. guide -in 
bringing up the ceils. Give the battery the regular service 
charge, then continue the charge at the fijiish rate untU the 
gravity has ceased rising in every cell for at least one hour. 
If the battery is badly sulphated, this might take several 
days, in which case it will be necessary to take the battery 
out of service. Enough emphasis cannot be put on the 
necessity of doing this, as the life of the plates will be 
greatly shortened iif the battery ts allowed to continue in 
service in a sulphated condition. 

' . Atf the end of the reforming charge, the volta,ge .reading 
of each individual cell should be taken with tlie finish cur- 
rent flowing. Thisw together with the specific gravity reaclihg 
©f each cell, should be recorded. 

Repiacing Evaporation: iNotWitHstandinjg th6 fact that the 
cells are practically sealed, a certain amount of evaporation 
takes place. The evaT)oration is replaced at regular intervaji 
with water, not acid, the pbject being to keep the .plates 
always covered with electrolyte. The cells should be fillield 
befpre charging. .The water will then be properly mixed 
in the electrolyte by the ga$sihg of the cell. In Qlling the 
cells the utmost care should be taken to se^ tjiat the water 
is strictly pure. A convenient time for refilling tlie cells Is 
when the battery is removed from the car for inspection and 
reforming charge. Batteries need filling oftener in, summer 
than in winter, the amount of evaporation varying largely 
according to temperature. 
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Replacing Loss of Electrolyte: The proper height for the 
electrolyte is % iuch from the under si<Je of the cover. It 
will be noticed that there is a slight and gradual loss ot 
electrolyte. When this loss has become such that the high- 
est reading that can be obtained is, say, 20 points below 
the standard (1220), or what it was when put into regular 
service, then the loss should be replaced by adding dilute 
acid. Before doing so, be sure the battery is completely 
charged and the specific gravity has remained constant for 
some time. 

Concentrated acid should not be added to the eletetrolyte 
Qf a battery. An approximate density for this purpose Is 
1400 specific gravity. It is absolutely essential that pure 
acid be used. Commercial acid should not ordinarily be 
used unless it has been submitted to the battery company 
for a test and approval. Under ordinary circumstances it 
will not be found necessary to fill the cells with electrolyte 
between the cleanings. It is only in cases where sloppkig 
has taken place . that this is necessary. 

Batteries in Parallel: Charging batteries in parallel 
should be avoided, as different sets, as a rule, do not get 
equal loads, and after some time in service will become 
uneven. If the batteries are discharged in parallel it is 
advisable to charge them in series and always give the bat- 
tery enough charge to bring up the lower set. If it is found 
necessary to charge the two sets in parallel, great care 
should be taken to see that both halves get the same amount 
of current and that both are brought up to normal. Parallel 
charging should not.be used if there is any possible way by 
which- it "Can be avoided. 

Readings: For the proper operation of the battery thd 
following readings should be taken and recorded: 

Dally Readings Upon Arrival of Car in the Yard: specific 
ifravity of pilot cell. 

Temperature of electrolyte in pilot cell. 
. Terminal voltage of battery with all lamp9 burning. 

Ddily Readings at End of Charge: Charging current and 
voltage every half hour toward the «nd of the charge. 
Specific gravity of pilot cell. 
Temperature of pilot cell. 

Monthly Readings: Maximum gravity of pilot ^ell. 

Specific gravity of each individual cell at the end of re- 
forming charge. 

Voltage reading of each individual cell at the end of the 
reforming charge with the current flowing. 

Inspection:* In order to get the best results from the 
battery it is essential that it be thoroughly inspected at 
least once a month. At the time of inspection the iMittery 
should also be given a reforming charge. The points to 
Inspect and note are as follows; 

The height of th^ electrolyte in the cell should be inves- 
tigated as soon as the battery is removed from the car and, 
if necessary, the cells should be refilled with pure water 
to within % inch below the inside, of the cover before the 
battery is put On charge. 

Inspect and clean aU connectors an^ tighten them if 
necessary. Give all exposed metal parts on the connectors 
a coating of vaseline. 

Inspect the gassing of the cells at the end of the charge. 
If any cell does not gas as freely as tl>e balance the cause 
should be investigated. 
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Take the gravity readings of all the ceUs at the end of 
the charge. 

Take the voltage readings of all the cells at the end of 
the charge with the charging current flowing. If any cells 
show low gravity or low voltage, the cause should be in- 
vestigated. 

Removal of Battery for Cleaning: In order to remove the 
sediment which accumulates in the bottom of the tank the 
battery should be removed from the car once a year for 
overhauling. This is preferably done when the car is being 
shopped for general repairs. 

TAKING BATTERY OUT OF COMMISSION 

If the battery is taken out of service for a short time 
it should be properly charged »and stored <away In a dry. 
cool place. It should be inspected at least once every monthi 
and refilled with water if necessary. At this time it should 
also be given a freshening charge at the finish rate. 

If the battery is taken out of commission for more than 
six months the cells should be dismantled. Before doing 
this the battery should be fully charged and all the cells 
put into good condition. After dismantling, all the material 
except the groups should be thoroughly cleaned. The posl* 
tive groups can be stored away and allowed to dry. The 
negative groups will heat as soon as they are exposed to 
the air. When they get warm they should be immersed in 
water until cooled ofi. They should then be allowed to 
dry, and if they again become heated they should be im- 
mersed in water a second time. They should again bd 
allowed to dry, and can then be stored away. 

When again put into service it should be treated as a 
new battery, as given under the heading, "Assembling tuid 
Initial Chargo." 

Battery boxes, battery tanks and connectors should be 
kept elean and dry. All parts liable to corrode should be 
painted wttfa vaj^line at regular intervals. Battery boxes 
and tanks should be painted with acid-proof paint every 
time the battery is removed for cleaning. Matches or ex- 
posed flames should not be allowed near the battery boxes, 
as the gases given ofl! when the battery is charging are 
explosive. 

■ 

TROUBLES AND THEIR REMEDIES 

Indication of Troubles: The following symptoms indicate 
trouble iii a cell and It is of the greatest importance to 
investigate the caUse of the same andT to remedy the trouble 
before it has injured the battery: 

The cells show lack of capacity in servlcie. 

The voltage and specific gravity do not come Mfi on charge. 

The voltage and specific gravity are falling unusually low 
on discharge. 

The cells are not gassing freely on charge. 

XJnUsual heating on charge. 

Color of plates is unhealthy. 

Causes of Troubles: If a cell shows any. of the above 
indications of trouble it can usually be traced to .one of 
the following causes: ... 

Impure electrolyte, the Impurities having beeti introduced 
into the cell by using impure acid or water, or by allowing 
metal parts to enter into the . cell. 

Sulphate caused by the battery remaining in a discharged 
condition or being operated at high temperatures. 
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Short circuits paused by material lodging between the 
plates or sediment accumulating high enough to touch the 
bottom of the plates. 

Positive plates worn out. 

Negative plates low in capacity or worn- out. - 

Remedies: If inspection of cells is properly, followed' out, 
and the troubles remedied a^ soon £is found, the battery 
usually will give satisfactory service without great operation 
and maintenance cost or labor. If the battery is allowed 
to remain in service after, showing indications of trouble 
the trouble "• will very doon* dfevelop seriously, and- In time 
completely ruin the battery. A battery should, therefore, 
receive immediate attention* when it shows that it is nc^ 
operating along the regular lines. 

Treatment of Cells With Impure Electrolyte: If the elec- 
trolyte, is suspected to contain impurities, a ozle- Quart bottle 
of the same should be sent immediately to a conipetent 
chemist to, be analyzed. 

If the electrolyte contains enough impurities to injure the 
plates it should be changed immediately. Tlie battery should 
be discharged until the voltage pf each cell reaches zero, 
the old electrolyte emptied out and the cells refilled with 
new electrolyte of the same density as the old. The ba,ttery 
should then be charged as stated under the heading, ''Charg- 
ing." If the cells contain a large amount of imputities it 
is advisable, to repeat this operation two or thre6 times. If 
the battery is allowed to.cop.tinue in service when; the elec- 
trolyte contains impurities, the plates will be iiijured, and 
in many cases completely ruined. 

Treatn;ient of Sulphated Cells: If a cell is allowed td 
sulphate to any e:xtent the positive plates will corrode; and 
deteriorate quickly. ' The remedy for sulphated cells is s 
conriplete charge until all the- sulphate has ' been reduced. 
In case the Whole battery is in a sulphated condition tbe 
charg'e should be std.rted in the regular way, as given under 
the heading, "Charging," but in a case of this kind extreme 
care Sheuld be taken that the battery is not overheated^ It 
is advisable in this case that the temperature does net ezr 
ceed 100" F. In case this temperature is exceeded the 
charge should be: dlscontlAUejl ontH the battery has cooled 
down. The change should then be continued at the .Unish 
rate uhUl the gravity has reached a maximum and* has 
remained, at that point for at least six hours. If the cdlls 
are badly sulphated this may take several days. 

If only one or two cells are 'found to be in a sulphated 
condition the simplest method of bringing them up is. to 
charge the whole battery at the finish rate, until the gri^vity 
and the voltage have reached a maximum. If it is found 
that by this method the low celte cannot be brought up 
in a reasonable length of time, it is advisable to remove 
them from the car and replace them. With fresh cells. The 
sulphated cells should then be charged separately until they 
are brought up, after which they should ;be put>baek in the 
car whex« they belongs 

• Treatment of Short- Circuited Cells: A shbrt circuit usuially 
jstarts from some small conducting particle lodging between 
the plates and will gradually develop \t the particle is al- 
lowed to remain. The positive plates in the short-circuited 
cell will corrode auicWy, and in a very short time Will be 
absolutely destroyed. Short circuits should*, therefore, be 
removed immediately. Short circuits from material lodging 
between the plates are not very liable to take place in serv- 
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ice, on sCccoiint of the jarring and Joltitigof the train. I€ 
they ocGur, the cell should be completely dismantled, the 
short cincult remoyed, the separators replaced, and the cell 
asain assembled' It should be filled with the old electr^yte 
or of new of the same density. It should then be Ihorougnly • 
charged at the finish rate. . 

Cleaning: As stated under the headingr "Removal of Bat^ 
tery for Cleaning/' the battery should be oleased once every • 
year, or when the car is being shopped. Give: the battery 
a thorottgh charge before cleaning. 

The sealing compound, after being heated by a flange, is , 
removed by a chisel or a screwdriver. Then remove the 
covers and lift the elements out from the tanks. 

Remove the separators and rinse both the positive and. 
negauVe, groups and separators in running water. Great 
care should be taken to rethove any loose particles wbich . 
mi4Sbt pause a short circuit. ' . • 

'The^ old electrolyte Is emptied from the tank, the sediment 
is "'rembved, and the tank thoroughly rinsed with water. 
The element Is then placed in the tank and the cell ^filled ■ 
with new electrolyte of ' thie sam^ deni^ty as the > electrolyte . 
thrown away. . The old solution should preferably be thrown 
away in order to get rid of possible impurities* The same, 
operation is- then performed with the. ne^t oelL 

H the «ellB cannot be assembled liam«ediately» the positive 
group «an be left in the alr» but tho negative groupii^ as' 
mentioned before* should be immersed > in water or acid, 
preferably the latteir. This will keep the negative plates in 
a charged condition and>.wiU decrease the amount of charge 
nedessary after- the cleaning is 4one. Any material* such 
as separators or rubber linings, fouiid broken, should be^ 
replaced wUh ne'^ material, / • 

After the whole - battery lias b^n.a^embled it should' be 
put on charge as soon as possible and charged at the jShish 
rate until the gravity ceases to rise. 

The specific gravity in the various cells should be evened' 
up» after which the battery is . r^ady to b^ put back' Into' 
service,. 

'When.' the battery is being, icleaned, the battery compart-' 
ment in the oar and the tanks should be thoroiighly wastied: 
with a solution of bicarbonate of soda andr wlien dry, painted, 
with.acid-propf paint. 

Test'Drtcharge: - Before the battery is put back. Into Berr-« 
ice it is advisable to give it a test, dischange in order to 
determine whetHer it is still maintaining Its capacity or 
is droning behind. 

The necessary instruments -for nmning: this test are an 
ammeter calibrated to 100 amperes, a low readi^ig voltm^^r, 
a hydrometer syringOr a thermometer and a rheostat. A 
'wmter«rheostat is. preferably used for thie p[urpose«.as it is 
very easily arranged and allows vers close, regulation . of 
the circuits Zt is made up of a crock or tub of. about 10 or 
16 gallons capacity, ana two lead orlron plates about 1 foot 
8quare:and % inch thick.. : 

Comheot one terminal >of the battery to one of tlie plates 
Of the rheostat, the other terminal .to the ammeter and' 
then i to the < second plate of Va» rheostats Fill tlM crocjb; 
with .'water and iqameree the plates in the same» .^ur a 
anrnli quantity oft sulphuric acid- into the water ' until the 
desired current is obtained. Readings should . be taken of 
tbe cell voltage, ev^ry hqur imtil the lowest cell h.a9 dropped 
te<1.8 voite^ thus limiting the diecharge and the cAPac^ty 
of the bau?ery. .. 
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A convenient form of water-rheostat 1$ a tub or crock 
fillecl with a very dilute solution of sulphuric acid or salt. 
One plate, mentioned above, is placed in the bottom x>t 
the tub while the other is suspended in the water from a 

J»ulley. The amount of current flowios can then be ad- 
usted by the depth of suspension of this second plate. 

The general practice in running a test as outlined above 
seems to be to take the terminal voltage of the whole bat- 
tery instead of the voltage of individual cells and to dis- 
charge until a terminal voltage is reached equivalent to an 
average voltage per cell of 1.8 iiolts. This method will give 
the capacity of the battery under service conditions, but 
does not tell its actual condition, as there might be one or 
more cells considerably lower than the average, while the 
rest of them are above the average. , 

A battery with some high and some low cells is nal^urally 
not as good as one with all cells even, the average voltage 
for all being the same, as the low cells will continually be 
over-discharged and gradually ruined. 

Cadmium Readings: If the entire battery is low in 
capacity, or if some low cells are found, it is necessary to 
know whether the trouble lies in the positive or negative 
plates. This can be determined, by taking cadmium readings. 

If a piece of metallic cadmium is immersed in the elec<> 
trolyte directly above the plates, and is coimected to the 
negative terminal of the voltmeter, while the positive ter-. 
minal is connected to the positive pillar post by means of 
a pointed copper rod, a reading is obtained on the volt-; 
meter; 

The voltage between the positive post and the cadmium 
is approximately 2.20 volts at the beginning of the discharge. 
As the discharge is continued it gradually drops, and when 
it reaches 1.95 volts the positive plate is considered com* 
pletely discharged. 

The voltage between the negative post and the cadmium 
is approximately .14 volt at the beginning of the discharge. 
As the discharge is continued it gradually rises. The nega- 
tive plate is considered completely discharged when the 
voltage has rlfien to .30. 

In a new battery the negative plates are never completely 
discharged, as they have considerable excess 'capacity over 
the positive; therefore, the negative to cadmiimi reading 
in a new battery should not be higher than .20 at the end 
of discharge. It should be noted that the lower the reading 
obtained for the negative plates, the better the plates. 

An example will show the use of cadmium readings in 
determining -the condition of the plates. Assume that the 
voltage of a cell while being discharged at the eight-hour 
rate has dropped to 1.80 volts at the end of five hours, and 
that the cadmium reading for the positive plates, is 1.96 
volts and for the negative plates .15 volt. In this case the 
reading for the negative plates is considerably under the 
limit, while the positive plates at*e exhausted. This indicates 
either natural wear, or that all the sulphate has not * vet 
been driven out from thd plates. It is, therefore, advisable 
to take a second discharge. If the capacity is still the 
same, and too low for practical purposes, it will be neeessair 
to renew the positive plates. 

If the voltage of the cell is 1.80 at the end of five hours, 
and the cadmium reading for the positive plates is 2.12 volts, 
while for the negative plates it is .32 volt, this indicates 
that the positive plates are good and that the negative 
plates are short in capacity. In case the negative plates 
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are of the Plants type, this can be cured by rejuvenating 
(reversing). 

Rejuvenating Negative Plates: The negative plates are 
so designed as to initially have an excess capacity, so that 
at the end of the life of the positive plates the negative 
plates will still give their rated capacity. If the cells have 
frequently been allowed to become sulphated, however, or 
if the electrolyte has been impure, the pores of the active 
material become clogged, causing a drop in capacity. It is 
advisable, therefore, to rejuvenate the negative plates when- 
ever the positive plates are renewed, in order to obtain the 
most satisfactory results from the old negative groups dur- 
ing the life of the second set of positives. The rejuvenation 
in this case can be done with the old positive plates. Charge 
up the battery, and if any indications of short circuits are 
found, remove the same. Discharge the battery until the 
voltage of each cell reaches zero, and then charge in the 
reverse direction at two-thirds of the eight-hour rate until 
the gravity ceases to rise, which will probably take approxi- 
mately 48 to 60 hours. Discharge the battery again, and 
then charge at two-thirds of the eight-hour rate in the 
right direction until the gravity again stops rising. The 
negative groups will then be ready to be assembled with 
new positives. " " 
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SECTION VI 



MAZDA INCANDESCENT LAMPS 



LIFE PERFORMANCE CURVES AND AP- 
PURTENANT data; light distribu- 
tion CURVES. TRAIN LIGHTING AND 
REGULAR LAMPS 
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TJ=iAlN UdHTlNG LAMPS 

Train lighting lanLps used in g^od railway praotice today 
resolve themselyed substantially into one clasSj i.e., High 
Elfficiency Mazda, ianxps^ . The Carbon* Gem and Tantalujn 
fill so small a place in this field that their consideration 
is unnecessary. 

At the^ present time the above lamps are listed in two 
voltages ^S2 and 63 which have been adopted as standard 
by train lighting engineers throughout the country. 

The general characteristics of these lamps are similar to 
those of the regular lamps of similar type used on standard 
commercial voltages such as 110 and 220 volts: Technical 
and other data relative to these types of train lighting 
lamps will be included according to the following outline: 

Technical Data 

Life Performance 

Average Life Curves ' 

Effect of Voltage Variation upon ; . 

Candle-power 
Current 
Wattage / 

Candle-power Distribution Curves. 

The Mazda lamp, as is well known, is an improved tung- 
stent filament lamp having embodied in it the most recent 
science and developments in incandescent lamp manufac- 
ture. It lias outclassed the other mentioned types of in- 
candescent lamps due to its greater efficiency; its durability 
and the color quality of its light. These are t)ie points of 
greatest moment, although it stands superior to the others 
in many other necessary qualifications. 

Mazda (Improved Tungsten) Lamps (Manufacture and 
Properties): The ingenuity of investigators was taxed to 
the extreme when Tungsten, was first used as a lamp fila- 
ment, as one of its characte^stlcs was non-ductility or 
brittleness. Later lis ^ks discdvered that with the proper 
treatment Tungsten became dtictlle and could be drawn into 
wire. Today it is hekas 4ra^wn into all sizes ranging in 
diameter from less than one- thousandth of an inch for 
the low current lamps up to one -hundredth of an inch for 
some types of series lamps.. One -thousandth of an inch is 
smaller than the "diameter of a hair. ^Tungsten wire is 
stronger than the ^'Btronigest steel. The smaller sizes show 
a tensile strength of 600,000 pounds per square inch. While 
considerable: of the strength is lost the firstrtime the fila- 
ment is heated to the working temperature^ . it is, even 
then ' materially stronger than the filaments made by the 
Squirting process.' Also,' the. drawui filaments. aUow of -;a 
niethod of '- support whieh renders the lamps : much more 
rugged. ' The' spans are short. «uid. no welds are necessary. 

- 'The carboi^ filament ifioandestent train Ughtioi;. lamp. has 
been, up until approximately two years, ago, in general .use 

-fdr this class of service since ther introduction of railway 
electric lighting. Due to the fact that ■ in practically all 
train lighting systems the lamps upon circuits are subject 

''at regular or occasional intervals 'to' much fiuotuation hi 
voltage, the carbon lamps of low efliciency were required. 

The satisfactory operation of the electric lighting system 
with carbon filament lamps required large generator and 
battery equipment. The capacity, however, being somewhat 
limited by the available space on the car, with the larger 
cars, such as sleepers and diners, the allowable margin of 
safety was comparatively small, and resulted in numerous 
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lighting failures, which retarded considerably the universal 
adoption of eleQtH<^' Hght|ng syf ten^s »n ait«am roads. 

The development or the high efficiency Mazda lamp which 
i^q^ires approximately but onie-'tklrd the Amount of current 
of' the carbon filament ' lamp; hasr been the > mean6' of over- 
'Coming the foregoing trouble^ making the eleetrie UghtSner 
Of cars ideally practical. • > . , . ; ■ 
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Fig. 1. Mazda - Train Xightiiig l^fmps 

' ' (Illuttrktions one-quastMr sis«) .: ■ 

•♦ ' ■,•••-•. ... , •,, . . , ^ 

The most important item in the successful and economical 
■\>peration of elet^rlo train lighting systems, is the efll- 
Mency of the lighting unit. Upon this depends directly 
the fixed charges ahd operating cost. From the hands .of 
the' electrical engineers as an experiment, the . practical use 
6f Mazdd, letmps has emanated as a necessary requirement. 
Their fuggedness in both the adopted standard voltages has 
beeh > proven sufficient' to withstand all reacK^n^ble shook 
■and- |ar enoofuntered >in service.: In candle-power mainte- 
'hance through life, the foUowing curves, Fi&t 2, lUustrate the 
superiority of the Mazda lamp. The decrease in efficienoy 
is also muoh Jess than other incandescent lamps, formerj^ 
U4»ed.'i * ' . ■ . , / 
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CARBON, GEM AND MAZDA 
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Tig. 2. Average Candlepower Life) Onrves 
It is of interest to note the change- in current, watts per 
candle and resistance through life as shown in Ftg. 3. 
Current ' - 

W.p.c. ' ^ 

Resistance MAZDA 
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Fig. 8. Hours Life Performance CiurveB 

At present train lighting lamps are made with two types 
of bulbs, the straight side and round. The first being di- 
vided in size into the S-17, S-19 and S-2X, the second into 
G-18% and G-30, having the wide range from 8 to 40 
candle-power. There is little doubt but that ^he Mazda 
lamp has established electric train-lighting, and the in- 
creased economy coupled with its satisfaction as: a lighting 
unit has begotten the endorsement of electric train-lighting 
engrineers. 

Regular Mazda Lamps: For standard multiple lighting 
of station train sheds, roundhouses, yards, etc., the Mazda 
lamp has also established itself as a successful and 
economical unit. 
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Petcent Amipet^s, ' Obnis, Volts and. Watts. Characterfatiic 
, "Curves for Mazda prawn. Wire Lamps , j 
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1?he. above figure may be of seWice in locating troubie 
sinqe an idea may be Obtained from it as to just what e^- 
tenjt the voltage variation affects tlie other functionB.- j 
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The dlBtrlbutlon curves given for the different wattage 
lamps ot the. 104.-130 voU claas are repreBevt«.tlTe of that 
obtained (rom the .£O0t26(I vplt ple$8 wAlPO csBM^aently have 
not been Bhown. 



The above llluslratlons show the diatrlbmlon c 

various lampa mentioned Ther'^ " — '-" 

distribution curves which are ] 
or proper reflectors. 
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SECTION VII 



LIGHT AND ILLUMINATION 



INCLUDING LIGHT. PHOTOMETRY. 
ILLUMINATION AND APPURTENANT DATA 
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ILLUMINATION IBS 

MEASUREMENT OF LIGHT 
Rapid vibrations or the ettier striking the retina 01 the 
le produce a sensation commonly knomi as light. The 
(tensity of liBht ts measured In terms of candle-power on 
1 lUBtruinent termed a photometer. In principle this In- 

he Intensity ot light varies Inversely With 
■-- -Quare ol the alstanee from the light 

e. Thus In Fig. 1, a aurtact - - ■ 

Istance from A that B is, t . 

lated hy the same number of light 



llliunlna 



B thi 



:a la fou 
-,.- vlll be 
Likewise, D, 



mly I 



e-(ourth 



, Tit. 



Law Of 

j8«u«Tei 

OraphlMUT 



the dlati 

will have only one-ninth the Illumination, 
Tha Photameter: Photometry Is a process of comparison. 

(hose candle-i ■■ ' '" 

„^^,. ^^^^........^» .„ ^,-.«..*,p<l aealnst th 

known candle-power by ( 
produced . on a sensltlxed 
sotirces are Bts,tlonary 60" 
tbe.slis of the photometer) 



ses (rom the screen. 

rBttDlTed collage and ourren 
■- ■ — ' " requlremi 

a dink Ol 




Fig. £, Wiring Stsgrui of Ka««ni Xavalle Screan Fhatometei 

reflecting and dilfusing power. Such screuia are conveniently 
Iprepared by compressing Into a circular hole In a metal 
rplate either magnesium oxtde. plaster parts or bsjlum suir 
'phate. An accumulation or dirt generally reducea the re- 
flecting power ot such screens and may render the two 
sldeB so diBBlmllar "that a considerable change lo ths bal- 
ance point Is caused by a reversal of the screen. 

In the- platt -tiei* oIiJIb. 3, itght from the Utnps> compared 
falls upon the sides of the dlfCualng screena S, and Si, Mi 
and M) are mirrors reflecting thla light to prisms Pi and P(. 
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Tig. 3. ,FIaJi of LnnuneT Brodhnti Blg-lit Box 



lypotenusBl faces In contact In 
reen. Part ot the face of Pi la 
'cular area In contact wUh . P.. 
', from Ml that which falls upon 
through Into the eyepiece' ^uid 
le by total reflection. Pt refleota 
ilch falls upon fts outer KurUtm. 
area of contact passes throiiKh 
ikened walls of the box. In the 
pee IB thus Illuminated bv llflAt 
;e by light from Si. If the face 
he cllvtdtng line between the two 
ry sharp. With the field of view 

. _^ _,_ _..i boundary line disappears If the 

lights compared are of the same tint. I( not, the balance 
niUBt be obtained by the appearance of equal brishtuess. 

The intensity in different directions can be measured by 
placing the lamp under test In dlRerent angular positions on 
the photometer. The distribution of light In a Tertlcal plane 
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ILLUMINATION 



can be graphically represented by plotting the 
shown In Fig. 4, which shgwa the dletributlon Iti 
plane about a bare 2B-w ■■ --■ 
tlcal posltli 
the center 



directly c 
eution, and t' 
circles ' 



MAZDA lamp, hanging in a ver- 
__e Irom the distribution curve to 
iportlonal to the Intensity of Ught 



When globes, shades or reflectors 



. h Its reflector n. 

e-halt of the light from a bare lamp 
rlBontal and largely lost, reflectors 



e shown In this book. 



with reflectors ol g 



' be dellned as denoting th^ 



The term Illumination i , „ „ 

dansity of Ught flux tailing upon a surface. The unit e 

ployed In America Is the 
foot-candle denoting an Il- 
lumination of one lumen per 
square foot, or further de- 
flned. represents the Ulum- 
1 notion received by a sur- 
face at every point one foot 
distant from a light source 
of one candle-power. Thus 



± 



n"^S*''l 



photometers, l , 

excellent for making such i 

The Wobor Photometer: Structurally considered, the 
Weber photometer consists of two cylindrical tubes of 
blackened Interior as shown In Ftg. 6, one of which. T, is 
flrmly clamped to an upright standard and the other, T^ Is 



z^ 



Fir *■ n«n Tlaw of Wabai FhotaMetsr • 
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<t Ti by a friction aleeve which permits 
Ti to be turned to any desired angle In a vetCicat plane. 
The Instrument as a whole may be turned to any. desired 
angle about lis standard as an axis, thus permitting the 
pointing of Tj at any angle. Optically considered, the Weber 



suitable 



-.- . .n;o glass dllTuslng plates. Fi and P^ placed 
j prisms and the lamps to b^ compared. In a 
mber at the end of the lamp tube Is mounted 
A comparison lamp I^, preferably a miniature Mazda (Tujig- 
Bten) lamp operated by a storage battery. This lamp ehould 
be well aged before use to Insure Its constancy, 
. The dllTuslnB plate P, Is movable along the axis of the 
tube by means of an external milled head carrying a" " " " 



Indies 



osltlor 



ber of absorbing glass plates, o 



of B 






the glass Screen Pt 
111 falls upon glass 
n of the light being 




rip. 7. Adaptsr 
for IllDtnliuLtloD 




Sactioiial TUw Bharp-KUlar Photonutei 



photometer Is C!>nstructea ; however, a somewhat wider range 
of measurements Is obtained. A compartment •>! nn^ anA 
of a box of blackened Interior contains a Luuu 

•Note.— 'Illumination and Photometry." Wlckenden. 
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prism set, which may be observed through an eyepiece £ 
on the side of the box. The adjacent end of the box car- 
ries a collar upon whioh an elbow T may be turned so as 
to , expose its end at any desired inclination. Upon this end , 
may be fitted a diffusing cap of special milk glasd or an open 
diaphragm. At the elbow of the tube Is a circular reversible 
plate, one side of which is a mirror for Use with the diffusing 
test plate in the measurement of illumination. The other 
side is a white matte surface for use in connection with 
the • diaphragm above inferred to ' for measurements of 
candles-power. The end of the prism compartment opposite 
the elbow tube contains a milk glass window illuminated by 
the comparison lamp Li at thd further end of- the box. 

This lamp is mounted upon a carriage which may be' 
d*rawn along the interior of the box by turning the knurted* 
head H. Between the lamp and the window is a series of 
screens to cut off from the window all but the direct beams 
of the lamp. The photometric balance is secured by draw- 
ing the comparison lamp along the interior of the box. When 
a balance is obtained the reading is taken by exposing a 
translucent scale on the side of the box by raising a shut- 
ter. This scale is made direct reading for comparing lamps 
of definite candle-power. 

For measurements of illumination the elbow tube is Mted- 
with its diffusing cap and its mirrored elbow plate. If tlie' 
illumination is moderate in intensity it may be read direct 
from' the scale. If intense illuminatidn is measured a 
smoked-glass absorbing plate is required between the elbow 
tube and the prisms to equalize the two fields and bring thd 
balance point within the limits of the scale. The settle' 
readings must then be multiplied by the reciprocal of the- 
transmission coefficient of this plate. For measurements of< 
weak illumination the absorbing . plate is required between 
the milk-glass window and the prism, and the readings of 
the scale are multiplied by the transmission coefficient of 
this plate. The instrument is provided with two such plates, 
which' are so mounted that either may be turned by a milled 
head to a position iii front of tlie elbow tube or before, the 
window, or may be turned entirely out of thie path of the 
beams. Convenient values for the transmission coefficients 
of these plates are 0.01 and 0.10, respectively, giving the 
instrument a range of from 0.004 foot-candles to 2000 foot- 
candles. 

GENERAL CONDITIONS 

Before going into the calculation and method of illumina- 
tion, a discussion of the general conditions surrounding good 
illumination will be given. In order to see clearly and 
easily without eye strain the following conditions must pre-- 
vail: ' 

(1> There, should be sufilQlent illumination, i. e., enough 
light must be reflected,. from the object to the eye so that 
it can be clearly and easily s^en. For example, much more 
light must be thrown On a" dark object than on a light one 
in order to see it clearly, since less light is reflected ' from 
a dark object than from "a light one. Too little light should 
be avoided, as the retina Is strained in its effort to seci 
clearly;. This is a matter' ot common knowledge and ex- 
perience. 

, (2) . Too much light should likewise be avoided. The con- 
dition produced by this is somewhat the satne as that 
produced by too little light. To shield the excess light from 
the eye -thfe if is naturally closes and with too intense 
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a light it closes to such an exte|;it that the image on 
the retina is dim. If this condition continues for some 
time the iris weakens, thereby allowing the strong light to 
enter the ieye. The strong light dims the image on the 
retina and at the same time produces a very harmful strain. 

(3) Bright lights in the field of vision should be avoided 
as a picture of the light itself will be found on the retina 
and other objects will in comparison seem dim. This is the 
reason one is not able to see past ■ a bright light and why 
a bright light is so dazzling in its effect. Therefore it is 
required that the intrinsic brilliancy or the candle-power, 
per square inch of surface be as low as possible.. The eye 
ordinarily can stand without fatigue a brilliancy of from 

TABLE No. 1 

Intrinsic BrOllancy Of Light Sources 

Candle-power 
Per sq. in. 

Moore tube , 0.3- 1.75 

Frosted incandescent .' * . 2- 5 

Candle 3- 4 

Gas flame 3- 8. 

Oil lamp 3- 8 . 

Cooper Hewitt lamp 17 

Welsbach gas mantle . .r 20- 50 

Acetylene . , 75-100 

Enclosed A. C , 75-200 

Enclosed D. C , 100-500 

Incandescent lamps — 

' Carbon 3.5 watts per candle 876 

. Carbon 3 .1 watts per candle 480 

Metallized carbon 2.5 w^tts per candle 625 

Tantalum 2.0 watts per candle 750 

MA:2DA 1 .25 watts per candle 875 

' MAZDA 1.15 watts per candle lOOO 

Nernst 1 . 5 watts per candle. 2200 

Sun on horizon » 2000 

Flaming, arc 5000 

Open arc lamp 10,000-50,000 

Open arc crater 200,000 

Sun 30** above horizon 500,000 

Sun at zenith : 600,000 

four to six candle-power per square incb of surface. Table. 
No.. 1 .shows the intrinsic brilliancy of several sources of 
light from which it will be noted that the incandescent lamp 
filament has an intrinsic brllliahcy of from 300 to lOOQ 
candle-power per square inch. For this reason frosted bulbs 
are often used, as the . whole surface of the bulb is made 
the light emitting area instead of the filament area. 

.(4) Flickering sources of light are hard on tbe eye for 
the reason that , the Iris and retina of the eye ^re. unable, 
to adjust themselves with sufficient rapidity to follow the 
varying light intensity. Therefore, lamps should not be 
placed on circuits where the voltage fluctuates, as the 
candle-power of the lamps will vary with the rise or fall 
in voltage impressed upon the lamps. 

(5) Lamps should be placed so that the light falling on 
a glazed or polished surface is not regularly reflected to 
the eye. This direct reflection is commonly known as glare, 
which besides being very annoying renders almost futile the 
effort to see clearly. 



^ ILLUMINATION I»l 

(6) Sources of ligrht which cdst breaks or striations are 
bad because the source frequently vibrates and the eye is 
unable to adjust: Itself to the different ttttenftitt^ prbduced. 
Thus in the case of lights covered by reflectors with a 
polished white interior surface frosted lamps should in- 
variably be used. 

<7) A sharp contrast between a light surface and dark 
surroundings is harmful, such as a brilliantly lighted desk 
with the rest of the room in darkness. A slight contrast 
is restful while a sharp contrast should be avoided. 

Quality of Light: The. "qualltj? of light" of the MAZDA 
lamp is a subject upon which there has been considerable 
dliH£fiissi6n..i' BesHiltfei show that <colo<r , cbmparisciiid can b<e 
made with the light of- MAZDA ^n^pfii* -which compare very 
favorably with actual daylight. In comparing the effects 
of the color of various artificial sources -of light ~cmd the-c 

TABLE No. 2 

. lUuminant Color 

Acetylene Nearly white 

Arc Light (enclosed) Bluish white to violet 

Arc Li^ht (open) White 

Candle ', i ;. Orange yellow ^ ^ 

Cirbon Inc6,ndescent (bfetow voltage) . ."Otange td orange red 

Carbon Incandescent (normal voltage) . Yellowish white 

Gas Light (open flame) ^ . . Yellowish white to , 

pale orange! ' 

Gem Metallized Filament Lamps Nearly white, slightly 

. yellowish, ... , . 

KerO;5ene Lamp Orange, slightly ydl- 

lowish 

N^mst. Lamp »< ^ . . . « Negrly wl^ite . . » 

Mantle' Burner GreetiiiBh tvhite 

Sky Light ....:.. .Bluish white 

Sun (high In sky) White 

Sun (near horizon) Orange red 

Tantakim . ,..,.......,.. > Nearly white ;. 

"MAZDA" ,..,, ,.,,.:...JNre^rly white 

change, in the. . appearance of colored objects -TRh^n ilium-' 
inated by Ahem> it haa b^en conclufiively > sliown that if there^ 
is a proper proportion of the red, green and blue funda- 
mental ciblbrs in any given Ug^t source, all colors with their . 
various shades of eolor cau' be accurately distinguished.* 
The MAZDA lamp is a complete success from this stand- 
point. The proportions' . of the fnindamental colors (fed, 1 
green and blu^) are silcih that>c»lors and shades of colori^ 
appear in their proper relationship with each other. 

The MAZPA lamp . is , now develop^jd, to cover all genrj 
eral and special lighting service. It has been generally 
adopted and recommended from a practical and economical 
standpoint where a white light is desired for displaying 
colors in their true value. • 
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TABLE No. 3 . 
Color Values in Comparison With ''MAZDA" Light 



MAZDA . 
Tantalum . 

Gem , . 

Carbon . . 



Red 

100 

lOiO 

; 100 

100 



Qreen 

100 
9&.8 
92.6 
90.6 



Blue 

100 
73.6 
72.8 
70.2 



TABLE 4 

Effect of. Colored Lights on Various Colors from Dr. Bell's 

"Art of Illumination" 



•*•• : '• — ^ 



r=a=tr=i: 
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Color of Light Falling Upon Fabrics 




Original 

Color of 

Fabric 


Red 

1 


Orange 


Yellow 


Green 


Blue 


Violet 


Black 


Purplish- 
Black 


Deep 
Maroon 


Yellow- 
Olive 


Oreenish- 
Browh 


Blue 
Black . 


Faint 
\aolet 
Black 


White 


Red 


Orange 


Light 
Yellow 


Green 


Blue 


Violet 

1 


Re4 


Intense 
Red 


Scarlet 


Orange 


Brown 


Violet 


Red-Violet 
Purple ' 


Orange 


Orange 
Red 


Intense 
Orange 


Yellow- 
Orange 


Faint 
Yellow, 
slightly 
Greenish 

1 


Brown 
slightly 
Violet 


Lim ^d 


Yellow 


Orange 


Yellow- 
Orantre 


Orange- 
Yellow 


Yellowish- 
Green 


Green 


Brown 
tinged with 
Faint Red 


Light 
Green 


Reddish 
Gray 


Yellow- 
Green 


Greenish- 
Yellow 


Intenser 
Grefen • 


Blue- 
GreeA 


Light • 
Purple 


Deep 
Green 


Reddish 
Black 


Rusty 
Green 


Yellowish 
Green 


Intenser 
Green 


Greenish 
Blue 


1 1 


Light 
Blue 


Violet 


Orange^ 
Gray 


Yellowish- 
Green 


Green- 
Blue 


Vivid 
Bine 


' 1 

• 


Deep 
Blue 


• 


Gray 
slightly 
on 
Orange 


Green- 
Slate 


Blue- 
Green ,' 


Intenser 
Blue ' 


Bright 
Blue- 
Violet 


Indigo 
Blue 


• 


Orange- 
Maroon 


Orange- 
Yellow 
(very dull) 


Dull 
Green 


Dark 
Blue- 
Indigo 


Deep 
Blue- 
Violet 


Violet 


Purple 


Red 
Maroon 


Yellow- 
Maroon 


Bluish 
Green- 
Brown 


Deep 
Bluish 
Violet 


Deep 

Violet 
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r Refltottonr The effeet of- the ooler^ciftsiAe •wa^B^ aftdrecfll- 
ingls.one which- nmst be considered in designing iUumina* 
tlon. ^ There is always some reflected illumination in a r«oom 
and every- object assumes that color due to the combination 
of the colors, the rays of which it reflects. An dbject ap* 
pears light when it reflects those rays which make vi> white 
light- and dark when it absorbs them: Thus light walls 
will give more useful reflected illumination thah dark walls. 
- The following table gives approximate coefficients of<re-< 
flection from wall papers, 1.6., the amount of reflected light 
expressed as a proportion of the total light received by the 
surface, the flgrures being based on the use of incandescent 
lamps. 

TABLE No. 5 

Kind Color £°g^^A®'^* ?l -tV 

Reflection, K 1-K 

Plain ceiling — Faint greenish 53 2 .13 

Light yellow .--...,^ 49 1.96 

Faint pinkish 43 1.76 

Pal^' bluish' "^hlte ; i . . . .■■: X 31 1 . 46 

Light gray green 23 1.30 

Crepe— Medium green *. .19 1.2^ 

Medium ted M 1.0}> 

r . Deep green ... , .66' 1.06 

Cartridge— Medium light buff.... .44 1.79 

Light blue ..: .20 1.25 

Pale pink .19 1*.28 

Light green ! 18 1.22 

Strfped — Deep cream silvery. '. .57 2 .32 

("TWo.- toned") Light strawberry pink : .43 1.7$ 

Light green .26 1.35 

, ■ Medium red , .08 1.00 

Miscellaneous-^ Light gray .38 1.61 

Light green and. gold 28 1.39 

(minute flguring, much gold) 
The following table is likewise Included as it contains some 

very interesting data: 

. • :TABLB No. a r. - 

Reflection Coefflcients 

Whfte blotting paper . : , ; 82 

White cartridge paper :..,...'..' W 

Ordinai'y foolscap . . : .'....,. TO 

Ordinary newspaper .........:. • ; . . 50 to 70 

Chrome yellow paper , 62 . 

Oran^ paper 1 50 

Plain boards (clean) .: 45" 

Yeriow wall paper .' 40 

Yellow painted yrall ' (clean) .....,........' 40 ' 

Light pink paper ;......, ... 36 

Tracing cloth '85 

glue paper ...... ■ ' 25 

Tracing paper .' 22 

?laih boards (dirty) : . : 20 

ellow painted wall (dirty) ; : 20 

Emerald' green 18 

Dark brown paper :.'... 18 . 

vermilion paper' i ; .' ... 12 

Blue green paper .....; ....;. ; . . 12 • 

Cobalt blue paper ^ . 12 

French ultramarine blue paper. 3 .'5 

Slack dloth : • 1.2 

Black paper 0:6 

Deep chocolate t?aper " 0.4 

Black velvet . .' .............' ......:...... .0.4 



/r^ 
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- 'For" Fraetlcar •Problems the- inctrease in iDuminfttiooi? fifver 
that calculated from the distribution <mrve or . illumiiiation 
table for. the unit considered is about as indicated in Tftblo 
No.- 6. • These ■ data ftre -deduced from tests deported . by 
Messrs. Lansingh and.Rolph. before the lUuminating En'^ 
glneering Society. 

This tkble applies only to rooms of medium siste and aver* 
agJB height' of ceilingsj . The total amount of' illumination or 
effective . MluminaticMi in rooms of various colored walls is 
obtained by. multiplying the Illumination given directly by 
thd la^np .by the factor given in the last column^ due to 
the fact that the bulbs, of the lamps become dirty» thus 
lowering the candle-power while the walls become .dirty, 
thus decreasing the aniount of ligh4 reflected. 

The amount of light absorbed by totally enclosing globes 
is an interesting matter as shown by the following table: 

TABLE No. 7 
Absorption Coeificlents • 

Clear glass globes absorb from J 5 to 12% 

Light sand, blasted globes absorb from. 10 to' 20% 

Alabaster globes absorb from 10 to 20% 

Canary-colored globes absorb from..,.,.... 15 to 20% 

Light blue ialabaster globes absorb froni IS to 25% 

Heavy blue alabaster glob&s absorb f rom 15 to 30% 

Kibjbed glass globus absofb from 15 to 80% 

Opaline glass globes absorb from 15 to 40% 

Ground glass globes absorb from. ^ > . 20 to M% 

Medium opalescent globes absorb from. 25 to 40% 

Heavy opialescent globes absorb from. . . . . ; 30 to 60% 

Flame glass globes absotb from . ., '. .,. 30 to 60% 

S^ignal green globes absorb from m to 90% 

Ruby glass globes absorb from .' 85 to 90% 

Cobalt blue globes absorb from. ^ . . 90 to 95% 

METHODS OF ILLUMINATION 

The proper lighting of a room depends on the sty^e, char- 
acter and desired effect. Common methods of lighting are 
by ceiling lights, stud or frieze lights, chandelier or wa^l 
bracket lights, indirect lights including c6ve and indirect 
reflectors. 

Ceiling lighting requires lamps of high candle-power near 
the ceiling, with globes or reflectors to throw the light down-; 
ward.., In some cases a greater number of lamps of low 
candleri>ower are used in reflectors or in enclosing bowls* 
A reflector should be used inside the bowl. 

Stud .or frieze lighting requires that the sockets into whicli 
the lamps are screwed shall be imbedded in the ceding or 
frieze. The lamps are seldom shaded and should be frosted 
if they are in the field of vision. An objection to this form 
of lighting is that it requires a large number of outlets and 
that unless some form of reflector is used it is inefficient 
and expensive to operate. 

Chandeliers and wall brackets are often used for their 
decorative value. Various shapes and sizes of lamps aro 
used on chandeliers and wall orieuskets so. as. to canr out 
and contribute to a desired decorative design. Except in 
cases where concentrating reflectors are required the lamps 
should not be placed at an angle, but should be hung verT 
tically and either frosted or else covered with diffusing 
globes or shades, giving a wide distribution of light. Over 
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Cove lighting requires lamps ot njedlum candle-power epn- 
ce&led In troughs. The light Is thus thrown directly on the 
celling an(t then diffused throughout the room.' Cove lighting 
Is not economica.1, since more than 50% of the light Is lost 
by absorption. 

Indirect lighting cnnmonly known employs silvered re- 
flectors Inverted to throw the light toward the ceiling from 
which It is diffused and deflected. The scheme is Ukewiss 
Inefnctenl. though rendering effective a somewhat greater 
percentage of light than the cove system. 



of, 

meaaured ii 



Upon the plane CD Illuminating It to an 

Ttg. 9 intensity of 1 foot-candle. Thus the 

illumination on DB, which Intercepts or 
receives the same light as AB, would be less than 1 foot- 
candle as the light 19 spread over a greater area. The ratio 
of the area would l>e as CD to DB, which represents the 
cosine of angle CDB. Thus the Illumination eftectlve on 
the plane at the given point will be 



AF = AB eo8 9 
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(or ^ach 

1 computet 



lint. Is , .extiemely, tedious 

„, , tor a ona candle-Wwer 

In all directions. The constant computed In'each, rec- 



tangle repreqentlns 



{or each foot out and down to the limit ot 51 and 43 (t! 

The basis ot calculation on this method la the. fflatrlbu- 
tlon curve of the lighting unit, which Includes the reflector 
or globe. To ttnd the Illumination at ahy point the constant 
Is found In the rectangle with the angle of the light ray 
to the chosen point. K the value of the 'candle-power c' 
the source at tills angle Is multiplied by the <; — —-' -■- 
value of Illumination is obtained. 
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As the table is given in even feet only, it may be desired 
to figure the illumination for fractional parts of a ,foot, in 

which case' the formula 1 ='^^^^ c6s*^wllf "be^'used" wTtli 

%he following values of cos«^.: ^ ' / • j 

; i=±IllumInatton. ' ''■' ' ' 'T ■ "^'" l\ 

. c. t*.= Cg-ixiJie-power. i;j. tlxe 4.lrefU<Wi of the Inyestigatfe* 
'■■ ■. 'point. ■; .-•..•■■ ■■>'.♦•• . ' . '■ ^ 

H== Height of lanfu* above .plkrie in which' ;polnt Ue^ 
•; ^ =r Angle made, by perpendicular dropped from lamp 

^ jand light ray to point. - - i - • - . ' j 

- ' - /• ; ^- Table 6r. Cdanifea;: Cubetf" "^ -^ ■•■^i -'r-ry- • 1 

.Angle- ^ ^ ■ -ro*» Aftsrfe^- • ^ s. -Aagrl^ 4 ' ; -rrhs^ 
Degrees % , ^9^ . Degrees ^^® Dfegrees V 

. 1........ 1.000 29........ .«68 - 6f;.......- .X«l. 

. 2. ...:...■ ;998 30 .«49 58;. U • .fL49 

8. . . ^ ^ . . « ' ."9o ol. .',.•. • .'.■'. •■• DoV . ' vvm .-.•• » «-.,•» •■»lof 

4..: ,9.93 .32 .610; 60.4..;... , .li&:J 



6.,....,. .983 34.. .570 :62......i .XOt 

7., ,. .938 35...., .5^0 i . 68Uvw--r-.- -«9J 



6.,;...,. .983 34.. .570 ;62.......L .XOSj 

■\ . \ ' .483i9f 

$Z.}].l] !§7i Jeiiilvii! !529,. . - !ft4!;i7^'!;; i!o842! 



9 .u -. . . . . ..96a . 3Z. * • .. - .509 \\ . 65; . . - 1 U ... .0754* 

10.;:... .... .955 38. .48? ►Oe:....::; .0671] 



11 .945 ^39... 400 67....:..,.; .t)59§ 

12.: 935 40... .44^ 68. ., ..05261 

IS ..^. .025 41...»* 429 69. .,^.. . ... . .0460 

14 .913 ,42... 410 70. .0400 

15....:,.. .901 43........ .391 71 .0348 

16........ .888 44.....:.. .372 72........ .029^ 

17...:.... .874 45......... .358 73 ,.. :025q 

18...:.:.. .«60 46........ .335 74 ^020? 

19........ .845 47........ .317 75.... 0173 

20........ .829 48 .300 76 .0142 

21 .813 49,.,..... .282 77 0114 

22. :. . . . . .' .m 50. ; :. . . ; . . .265 78. . . . . , . , .00900 

23. 780 51........ .249 79 00095 

24. .762 52. ... .238 80 ., -00523 

25... 744 53 218 81........ .00383 

26...;.... .7'2« 54....... .203 82 .00270 

27........ .707 55........ .189 83........ .001^1 

28,. .088 56.. .175 84.. .00114 
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With the table HlMve' given and the formula it is possible 
to fuk6. the ' illumination at any point in a room. V there 
are. a number of 'u9ltB .a^l supplying the illumination in a 
room, the illuminatloin at some particular point would be 
the sum of the values produced by each lamp. The same 
operation can be repeated for as many points as desired 
in the room including all units within such radius that com- 
puted results affect materially the resultant yalue. The 
illumination in foot -candles at all the points taken should 
equal as nearly as j>ossible a constant value. This value 
may be raised by different spacing of units and different 
types of reflectors. 

The importance and value of correctly figuring the proper 
llUmiination'is'not to be underestimated. If a certain light 
source flickered with a certain maximum and minimum 
vaJue it would be easier to see by a light that gave the 
minimum value coi^stantly. If this minimum value were 
constantly produced in all probability the power consumption 
would be less. This is analogous to uneven distribution. A 
uniform system of illumination is more economical because 
the intenOTty may be less. 

The intensity of Illumination required in variou« places 
under different conditions Is very necessary to the successful 
working oUt of illumination problems. This table of intensi- 
ties is a matter of experience and treats with the consequent 
recommendations regarding foot-candle intensity and watts 
per square foot. 

Table No. 10 
TABLE OF FOOT-CANDLE INTENSITIES RECOM- 
MENDED FOR VARIOUS QUASSES OF SERVICE 

Average Conditions. 
Foot-Candle Watt» per Sq. Ft. 
Intensity. Prismatic Steel. 
Glass. 

Arcade (in addition to light from 
- show windows) .;............... 1.0 .240 

Arnaory . ;..... 2.0 .480 .440 

An" gallery (walls)..' 5;0 1.200' 1.100 

Auditoriums . 2.0 .480 .440 

Automobile — 

, Garage, large " 2.0 .480 .440 

Garage, small , , ; 2.ft .480 .440 

. ghowroom ■ 5.0 1.200 1.100 

, Storage room 1.0 .240 .220 

Ball room 2.0 .480 , ...... 

•Bank (geneiial) .3.0.. ..720 . .*..• 

Bar room .- ...* 2.5 ,600 

<dArber shop, general (localized 

V L Ugh tingr provided): .. .. 2.0. . ...480 .,.,,. 

(Barber shop, gener:al (no local 

lighting • provide4) 4.0 .960 

Bath (Public)— 

Dressing ^ooms 1.0 .240 .220 

SMrlmming; pool ..,:.... 2.0 ,-. ,480 .440 

Billboard . !.........,..... 8.0 . . i, .. ... 1.76a 

Billiard Room— ... 

General , : . . . i : . . . i . . 1.0 • ' .240 

Table 5.0 ' 1.200 1.100 
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Table NOb 10— Goiitlouttcl 

Averare Condif idtas. * 
tfoot-Cundle Watts p6r Sq. Fh 
Intensity. Prismatic SteeL 
Glass. 

BookkeepInfT 5.0 1.200 1.10« 

Bowling Alley — 

Alley 1.0 ..... .220 

Pins , 4.0 ..... .880 

' Runway and seats ^ 1.5 ^ .860 

Cafe , , ♦ 2.5 »60O ..... 

Card room (tables) 3.0 .720 .660 

Carpenter Shop — 

General 2.5 .650 

Machinery 4.0 .880 

Cars — 

Baggage 1.0 . .»» . .220 

Day coach 2.5 .600 

Dining. < ...3.0 , .720 ; ..j... 

Mall, :.. 6.0 1.440 .1.320 

PAiUmaji . , 2.5 ,600 ...v. 

Street 2.5 .600 

Corridors .6 .144 

Courts — 

Handball 7.0 1.680 1.540 

Squash 7.0 1.680 1.540 

l^ennis . 7.0 1.680 1.S40 

Courtroom (local lighting for stenog- 
rapher) 2.0 .480 

Chur6h 2.0 .480 

Dance hall : 2.0 .480 

Depot — 

Baggage room 1.0 .240 .220 

Train sheds 1.0 .220 

, Waiting room 2.0 .480 . ., . . 

Drafting room 8.0 1.920 1.760 

Engraving 10.0 2.400 ^.200 

Factory — 

General lighting (where individual 

drop lights are provided) 1.5 .360 .$30 

General lighting (where no in- 
dividual drop lights are provided) 4.0 .960 .880 

liocal bench illumination 4.0 .960 .880 

Flr6 Stations — \.L 

At alarm 3.0 .720 ' .660 

At other times ....» 1.0 .240 . .220 

Foundry 2.0 ,440 

Garage . 2.0 .480 .440 

Gymnasium 2.6 .600 »W0 

Hallways •.. .6 .144 ..... 

Hospital — 

Corridors , ^5 .120 , .p . . 

Operating table 12.0 ' 2.880 2:640 

Wards (with no local illumination 

supplied 1.5 ,860 

. Wards (with local illumination 

supplied) 5 .120 
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Average Conditions. 
Foot-Candle Watts per Sq. Ft. 
Intensity. Prismatic Steel. 
Glass. 



Hotels — 

Bed room ^ 

corridor , , 

Dining room 

, Jjobby . '..... ...... 

Writing iroom . 

iiavatory '.' 

Laboratory 

LAundry . ..." .•••••• • 

Library — ■ 

Stock room 

Reading room (with no local illum- 
ination supplied) ......... 

Reading room (with local illumina- 
tion supplied) ... 

Lodge room ,.:..... 

Lunch room .[ . 

Market . .■■ • 

Mechanical work (fine) ............... 

Moving picture theatre (bright) 

Moving picture the^tte (dim) 

Museum . 

Office- 
File room ii 

Desk . : . . . i ' 

General '(no- drop lights) . . . 

. General (with drop- lights) 

Vault (safe) 

Vault (storage) 

Pattern shops '. 

P6ol room (general) .... 

Power house 

Postal service •; .• 

Press room :.,..... 

Beading (-co'dinary pr|:nt) .... 
Reading ^flne print) • ; , 

ResldenceV - ', '. 

Pbrch . , .'. 

Porch (reading light local) 
■ "Hall (ei3itrance) . •;. ........ 

■ R,eception room ...'.. , 

Parlor - .' 

Living room - 

Library ... .,.'.. .'. . . . . 

Music roojn "...:...,. 

Dining room 

Pfeintry . 

Kitchen... : 

L&undry , 

Hall (upst&lrs) ....:....... 



• • • • '• 



2.0 
LO 
2.0 
2.0 
3.0 

2.0 

3.0 

2.0 

1.5 

3^5 

LO 
2:5 
2.0 
.3.0 
5.5 
1.5 
.5 
3;0 

3.0 
4.0 
4.0 
1.5 
3.0 
1.0 

4.0 
1.0 
.5.0 
2.5 
7.0 
4.0 
2,5 

3.0 

.2 
2.0 

.7 
1.5, 
1.5 
1.5 
3.0 
'3.0 
1.5 
2.0 
2.0 
1.5 

.5 



.480 

.24<^' 

.4$0 

.480 

.720 

.480 

.726 

.480 

.360 

.840 

.240 
.600 

..480 
,720 

1.820 
.360 
.120 
.720 

.720 
.«60 
.960 
.360 
.700 
.2419 

.960 

.240 

1.200 
.600 

1.680 
.960 
.600 
,720 . 

.048 
.480 
.168 
.360 
.360 
.360 
..720 
.720 
.360 
.480 
.480 
.360 
.120 






.440 
.I86b 
.440 

.»30 



• ,660 
1.210 



• • • • i 



.660 



.660 

• :220 

.880 

• •-«•* 

1.100 
.550 

• 1.540 
' .380 

I 



w % • < 



.330 

» «• • • 
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Table No. it — C6Titliiueci 

Averagre Conditions. 
Foot-Candle Watts per Sq. Ft. 
Intensity. Prismatic Steel. 
Glass. 

Residence — , ' 

Bed room , 1.5 .360 , ..... 

Bath room 2.0 .480 

Furnace room 1.0 .240 .220 

Store room .5 .120 .110 

Restaurant , 2.0 .480 ' .440 

Rink (skating) 2.0 .480 ,440 

;Rug rack 6.0 1.440 1.320 

Saloon 3.0 .720 ,.,... 

School — 

Assembly room , . , . - 2.0 .480 , .•. . . 

Class rooia 3.0 .720 . . 

Cloak room ..:. .8 , .192 ; 

Corridor. .8 .192 

Drawing 5.0 1.200 l.lOp 

Liaboratory 3:0 .720 .66t) 

Manual training .. ... . 3.0 .720 ' ;660 

Office. 3.0 .720 ..... 

. Study ropm. 3.0 , .720 . 

3ewing (light goods) . .,..., 4.0 .960 , .880 

Sewing (dark goods) 8.0 1.920 1.760 

Shipping rppm 1.5 .360 , .3^ 

Show Window — 

Dark goods 20.0 . 4.8Q0 • =4.400 

Light goods 8.0 1.920 1.760 

Medium goods ..i.i ... ,16.0 ■, ..3.W0 , : 3,520 

Sign , 1 , 8.0 1.920 1.760 

Spinning Mills 2.0 .480 ; ,440 

Stable . '...........,.... 1.0 .240 .220 

Stereotyping 4.0 ..960 ..880 

Stofckroom.: 1.0 .240: ' .820 

Store— :::.(..•! 

Art 4.0 .960r ;....{. 

Baker . 3.0 .7^0 .. ^^• 
Book . . . '3:5 .840 

Butcher : 8.5 ' .846 • 

. China... 2.5 , .60ft ..,,,. 

Cigar 5.0 1.200 . 

Clothing 6.0 1.440 

Cloak and suit 6,0 ; , 1.440 

Confectionery . ....". 4.0 " .960 ' ; . :. . . 

Decorator ^ ., ..... 3.0 .72.0 

Department (see eaqh department) 

Drugs V.r 4.0 .960 .^... 

Dry goods 4.0 .960 

Florist (with case lighting) 2.0 .480 

T'lorist (general— no case lighting) 3.0 .720' 

Furniture 3.6 .840 

Furrier . 5.0 1.200 .;... 

Grocery ., "4.0 .960. .,... 

Haberdasher . .• 6.5 • 1.560 

Hardware 3.5 .840 .770 
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- ;TataJe'-.No. ilO-^Continued 

' ' ■ A veragre Conditions. , 
'; ' . ' F'oot-'Candle Watts per Sa. Ft. 
' ' Intensity. ' Prismatic Steel: 
Glass. ' 

Store— * ■ ... V 

Jewelry .'.... .'.^ .... .vM . .'. 5)6' 1.560 

Lace . . . . . : 4.0 .960 

liekther 3.5 .840 .770 

Meat 3.5 .840 

Men's furnishings 5.5 1.SZQ 

MiUinery . 6,0 1.300 

Music 4.5 1.080 , 

Notions . ' * 3.0. . ,720 v- . 

Piano , 4.5 1.080 

Fo^t cards 4.0 .960 , . .- ^. 

Shoes .;:.. 4.0 .960* " . 

. Stationery , 4.0 -9.60 

Tdiror.. ...:....:,.. 6;0 1.440 . ...... 

f , XQOaCCO • ............. t ... t ..... .^. , f D.v l.jivv • • a • . 

Stceet — ' • . -'. 

BiminesB (not including l^ht from 

•willows and signs) i- ,5 . .120 • .110 

Country .roads ,,...,.........,;.,.. . ,05^; .012 , .Oil 

Prominent (in residence district). .2 -^48, . -.044 

Hesidenee . » : .1. .024 ^ .022 

Studio.... , 4.0 .960 .;... 

Telephone exchange (with board 

Ughting) . ...V 1.5 .360 .330 

Theatre — 

. Auditorium . ..*.., . 2.0 . .480 

Foyer 2»0 . .480 

. Lobby . .......;..., 5.0 1.200 

Typesetting ...;..... 8.0 1.920 1.760 

Warehouse . . . ; , 1.0 .240 .220 

Wharf. .,.• 1.0 .240 .220 

Weavlng*— 

Cotton, light colors . ; 2.5 .600 .550 

Cotton; dark colors ; ; . ^ 4.0 .960 .880 

Wool, light colors ... .V 8.0 .720 .660 

Wool; dark colors 6.0 1.200 1.100 

Silk, light colors * 4.0 .900 .880 

Stlk. dark colors 6.0 1.440 1.820 

. RAPID CALCULATION OF ILLUMINATION 

The method of determining illumination as prenrioiKily 
described is< excessively tedious and takes considerable time. 
Upon the basis of the lumen (which is the quantity ofligbt 
Aux emahating Irona a light source required to Illuminate 
a square foot area equally to an intensity of one foot*candle) 
a method has been developed ior quickly determining . tlie 
wattage required to illuminate a certain area to a given 
intensity and the reverse. 

An incandescent lamp has a certain number oH lumens 
for each watt of power,. the number being determined by 
12.57 times the mean spherical candle-power per watt. A 
unit source of one mean spherical candle-power emits 12.67 
lumens. However, only a certain portion of the' total 
lumens- of the> source are useful in producing illumination 
due to the absorption tft the reflector or directing mediunli 
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and the absorptiokt) oi the.'wftUs.afiid.oeinng. The ratio of 
thejuixie;ns effective on the plane of illumination to the total 
light -from t&e unit nxay. be termed for convenience "the 
utilization tojctor.".. The, most useful of these are embodied 
ih the table given below. 

Table No. 11 ' 

'^ r UTILIZATION FACTORS 

•■ • :. -^ ■■' Walls . '. 

Unit ; Light Medium . Dark 

Prismatic Glass ; 60 50 MO 

Opal or Milk <^lass..;.l. ............ 50 : « ' 3$ 

Decorative or Art Glass 30 26 '= 20 

Semi-indirect i. .....;............... 40 35 30 

Indirect. .,. '.;.............. .. 33 " .. 

' \ ' , Wide • Nftrr<)w 

•Steel . .:::,^ ,,,..:.::....::.: 58 ;; ' ;:5() 

The quantity of light effective in producing illumination 
Is known as the effective lumens from the light source. ,, 

To find the' illumination in a given room with a certA.in 
number of units, the effective lumens of which you knoi?', 
the procedure would be to ttiultiply th^ number of imits by 
thfe effective lumens per lamp and divide by the area^^ -Thia 
Would give the number of lumens per square foot * or the 
f dot**candld ilitensitVi . ■ • > ^ ; - • . > ■.•..■ 

— On the burve sheets following the effective lumens given 
bave been computed for condition. of dark walls .Q.nd.oeUing< 
For average conditions 1&% may be added tq the value givep 
^d for light walls anjd ceiling 20% should be adde4^ 

To find the number of Units required to give a certain 
intensity the reverse operation is made, i. e., multiply the 
area in sqiiare feet by the intensity desfred • and divide by 
the effective lumens per lamp. 

As it is ' quite out of the question to include the cfff eotlve 
lumens obtained from every combination of . reflectors and 
lamps, the method ,of obtaining the wattage or intensity 
has been further simplified by obtaining average effective 
lumens for different classes of lighting and With the two 
principal materials, glass and steel. This has been reduced 
in. terms Of watts per square foot as a definite number of 
lumens is emitted from any certain, lamp, per watt < Tbese 
Values can be found In the above table in oonnection with 
the: intensity produced.. .These values, however, are. for 
average c<Mtiditions, amd in cases where extreme light or dark 
conditions > prevail they . should be modified aceordijag >to 

the following: . 

For llgiit conditiens subti'act 10% from^ the value of watts 
V^r square foot given. 

■ For dark conditions add .10% to the value of watts per 
Jsquiare foot given. . < 

In considering illumination there is a definite .plane upon 
which this lifl^t is -desired which ia very seldom i the ptene 
of ! the: floor. This "reference plane" Or : "plane of illuminar 
/tionV Is usually the h«ight abonre' thfe Aodt at which work 
is carried on; the plane of desk topSr benches, counteara. 
layout tables, etc. Jin most eases this is approximately 
2 -feet 6 inches above the -floor. All values as to mounting 
height of -reflectors should bO' taken from this as a basis. 
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^Values for steel will vary 10% either waF depending upon 
conditions. They hold only when ratio o< mounting .height 
to. smallest dimension • of room is not greater tlian'l:2. 
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pendent. There are two cases which mugt be dealt with, 
o'ne when outlets Ble already located and the other where 
outlets must be located. The first has only to do with the 
proper mounting belght while the second ha« to do with 
the proper placing ot outlets as well as the proper suspension 
of the units. 







Table No. 


w , 


* 




TiitmMc Glisa 


'ss'sr 


Steel 1 


Eit. 


Int. 


Foe. 


Flat 


Bowl 


Dome 


Bowl 


.5D 


«D 


OD 


.6D 


.8D 


AID 


V.8D' 



There Is no definite rule that can be laid down relative 
to the spacing of lighting units. A few general rules goTBm- 
InK this may be given however. 

(a) The area should he divided as nearly as possible Into 
squares with units located dt -the center of each. The size 
ot sQuare depends upon architectural restrictions and the 
size of the lUnnltnatlD); unit, ... 

<b) Units should be BystematlcaJlx locat«i]. Hj-ound posta 
In order to AT«ld ahadoufs. 

I with regard to 
iqay be avoided. 









1 the mouhtlns 

e aiey may be 

E the resisting 

As' a nJalter ot convenience distribution curves of reflectors 
of various manufacturer^ are shbwa. It la obvlQUQ that no 
COmparlHbij oti the fliftprent mikes Can bo shdwh In a book 
of this character. 

On each * dlstrlbotlon curve Mil be found the effei^tve 
lumens per U<np, elllclency of the refloctOT. its v«lue. In 
directing light In the lower hemisphere and. the mounting 
height glvm la a tiactlonal part of the apaclng. , 
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FU;. 11 , . I , 

To flBure niuttilnatlon at Q Irom the light sources repre- 
Bented by A, B, C, etc., each unit to consist ot one UO-watt 
bowUfroBted Mazdalamp, fitted with prismatic reflector as 
shown on page 1S6. Units hanging lOH ft above the floor 
or S It. aUive the plane of iUumiiiatloa, Light Conditions, 



By ths Formulm Suppose the scale distance trom M to 
Q to- be 24W «■. Q being 8 ft. below the ll^t source. This 
is the BBme at 4 and 13U ft.; looking up the uigle on the 
chart, page 174, it la found to be T2°. The candle-power 
oorreHpondlnB to thte angle on page IMi'ls «. ThecoS'S 
of the nearest angle la ,0295. Substituting }n" the formula 

CP 42 

I = — X cos"#, the Illumination Is — x .0295 = ,019S foot-can- 



sary to obtain the rosulti 
Lumen Method of Del 

' *j 80 X 20 or 



considered -.. _. ,, . 

per unit oonaldered 

per unit by the number of 



be followed out as many t 
".ng Illumination. 



unit« (IE) gives the total lum' 
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daUfaHed^ toi fMdUce 11UualBata>n («»), which, whMt di- 
vided by theiarea (1600 SQ. Ipi, reaulta In lumena per sq. It. 

or B. loot-candre fntenelty of 3.95^ plus 20% of which equals 
approximately 4.75 foot-candles. 
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CANDi.E-POWER DISTRIBUTION CURVE81 FOR HOLQ- 

PHANE PRISMATIC REFLECTORS 
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No. of Curve A B C D 

Size of Lamp (Watts) 20 25 40 60 

No. of Reflector XE-20 XE-25 XE-40 XE-60 

Effective Lumens per Lamp... 67.8 85.0 144 220 



Efficiency of 
Reflector (%) — - 



MSCP(R) 



Value as a 
Reflector (%).. 



LMSCP (L) 
MLHCP (R) 
MLHCP (L) 



} 
} 



83.1 82.9 84.6 



86.9 



134.8 181.6 133.7 140.8 



.5D 



.6D 



.5D 



Mounting Height 5D 

D — Average spacing of outlets. 

Allowable variation in mount- 
ing height ID ±.1D ±.1D ±.1D 



iixmnNAftoN 



No. ol Curve.. a... A ■B.' i i C . ■ B ' 

BlM-of I.»rtiii (■Watta)-...,i...,^. 100 ISO, ■ BKOI -.EM 

No. ol BeOectoF : SflJ-lOft XB-lSO.XH-ZfiO XBtGDO 

nena per Lamp... 3ST MO 1020 2000 



ImLHCP (I,) J 

Mounting Helgtit BD .ED .K> 

D — ^Average spacing o( outlets. 
Allowable variation In mount- i' ' " 

■ iBCbMlfat .i...... J;.... ±.1D ±'.ID :±ilD 
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PHANE PR18MAT10 REf^ECTOfil$H-<<^ontlmi9d,) 
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No. of Curve A B C D E 

Siflte of Lamp (Wlitts) . .1 20. . . 25 . 40 flO ' * 100 

No; of Reflector W...XI-20 XI^25 XI-40 Xi-BOXJtiaO 

EllCeotive Lumens per Latrip 71.4 102.0 156.0 246<.0 395^.0 

Efficiency of rMSCP(R)l . ' :• < 

Reflector (%).^ \ %%.l . M^^ 84.5 . .87.5 . 87v5 

: - IMSCP.CDJ ' ; 

Value as a rMLHCP(R)V 

Reflector(%)-^ yi86.0 139v0 186.0 X44,0 ISe.jO 

= Lmi^cpcdJ 

Mounting Height 8D .8t)' .8D .8D .8D 

15— Average spacing of out- ..,.': •;,. 

lets. . .. J . ••. , . ..-•/..• 

Allowable variation in 

• mounting height . . . . I . . i ... ±.1D . ±.1D ±.1D ife.iD dt.lD 



IliliUMINATION 



No.' 'of Curve.'l ...,,,xr- -A B ' ■ C-'' 

Size' of Lamp (Watts).. ■'.■ ■.-.■■ -158-' "i "'3601 ■ ■■ ■■606 ' 

Ntj. of Refleetrii' ...-XI-150 XI^MO ■ At-Bffi)' 

ERectWe Lumens per Lairip.....' 828 10«0 ' ■ £099 

Efflcleney of fMSCP(H)V' 

TteBector (%>....{— } 85.7 87.1 ««.l 

|.MSCP(L)J 

Value u a [.MLHCP<R)1 '■ 

ttiflfector l%\.:i- _J— t 143.0 1M,2' WO.O 

ImLHCP(L)J 

Meuhtlng Height .«D .Siy '.SB 

D — Average spacing of outletB. ' 

Allowable variation In mount- 
ln«; height +-1D ±.1D ±.1D 
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No. of Curve, i ,,., A. 

Size of Lamp OWatts) . ; . ,• 20 . 

Nok ©I Reflecrto^', ,•.»•• XF-20 

Effective Lumens per Lamp..... ,88.6 

Efficiency of rMSCP(R) 
Reflector (%)^ ... -I ■ \ 81.5 



Value as a 
.Rejector (%)-;" 



ImSCP (L) 
MLHCP (R) 



<< " ' 



[MLHCP (L) 



}■■ 81.1 

} 



137.4 



MQunting Height , 1.33D 

D — ^Average spacing of outlets^ • ., 

Allowable variation in mountT 
ing height * ±.1D 



B ' 


■C 


25 


40 


XF-25 


XF-40 


.99.0. 


,146,2. 



82.3 

138. 6 
1.33D 



.^6, 8' 

141.2 
,1.33I> 



±.1D . . ±AT> 



' ILLUMINATION 



No. of Curve ,. A. ■ ,B . 

SiBe of Ijunp- (Watts) , .60 100 

No. o( Reflector,, ....XF-SO, XF-IM 

Effective Lumens p«r Iiooip ,34S - '1S(< ' 

(MSCP(R)l 

BBttency ot Reflector (%) i :V. 86,5 *S.O 

ImSCP(L)J 



Valae as a. Reflector (%) , , — .... 

.ImI.HCP(L)J 

HountlDK Height 1.S3D . 1.33p . 

O — Average spacing of outlets. ., 

AUonable, . variation in mpuidipc betfht.., .- .ID .. .m 
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P»K AN E FmsM Af IC R Si» L &rr0^k^^<SoiVifn6^^ 




No. "of Curve A '* B ' 

Sifce of Lamp (Watts) 150 250 

No. of Reflector. XP-160 • XF-260 

Effective Lumens per Lamp ./ 849' 



rMSCP(R) 
Efficiency of Reflector (%) -{ •_ — ' ' ' ■ ' ■ K «6'.l 



(L)J 



Value as A Reflector (%) — 



iMSCP(L) 
rMLHCP(R)l 



ImLHCP(L)J 



V I4i.0 



Mounting Height . . . . : 1.53D 

D — Average spacing of outlets. 

AAbwable variation in mbunting height . ±.tD 



lUB 
84.6 

143.8 ' 

i.afiEl 

+ .1D 



IlXUMINiTlON . 



No. of Cui:ve A B „C 

Size of Lamp (Watts)... 26 , 40' M. 

No. of KeRector ....,: D4S2 04t± 04G2 

Slie or Heflactor (IncheEt dia,). . 6" 6" 7" 

QIIectlTe Lumens per Ii»mp, , . 67 ^2.G lTf.6 . 

Bfflclency of fMSCPCR)!. . 

B«flectorX%>f.'-^ ■ 'l SI. 3 S2.3 84. t 

■ \MgCf (L)J, I t ■ , ■ 

Value as a rMLHCP(Bn : 

" — ■"" ' |ia7.8 lis. 8, 123. i 



■■'1miAcp'(i 



Mountlns' Height ■.-■,-■,-- -SP . , ..SD . tSD 

D — Average spacing of outletp.;- I ,_• 

Allowable vaHatlon In mount". ; ,■ ■. ■ 

ing helBlit ..„i. ±.ID ±.1D ±.1D 
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No. of Curve .... A B C I)' 

Size of ^.ainp (Watts) .. ; 86 ' 40 SO ' 100' 

No. of Reflectol-.. ;....".... 01189 01129 01129 011Z& 

Size o( Reflector (Inches dla.),. 7" 1" 9" 9" 

Effective Lumens per Lamp... TO. 6 126.4 16!. g 278 

E»)clency of . rMSCP(R>l ' 

Reflector (%)....{ } 84.B 82.7 gT.4 87.4 

IM8CP{L)J 

V^ue as a (MLHCP{R)\ 

Hefiector (%)..? < V 148.0 160. B 138.8 13S.1 

|mLHCP(L)/ 

Mottnting Height 6I> .6D .6I> .«D 

D — Average epaclng of outlets. 

Allowable variation In mouht- r / . 

' ing height ....' ; ±.1D ±.10 ±,1D ±,1D 
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CANDLE-POWER DISTRIBUTION CURVES FOR F08- 
TORIA VELURIA REFLECTORS--(Oontlnued) 




Na of Curve A . 

Sise of Lamp (Watts) i UH> 

No. of Reflector 01141 

St^e. of Reflector . (Inches dia. ) ll'' 

Effective Lumens per Liamp <. .<. MS 



rMSCP(R)l 
Effi<dency . of Reflector (%) .-{ ■ ; ■ V - 79.0 



ImSCP(L) 
rMLHCP(R) 



I 146.0 



Value as a. Reflector (%).... 

LMLHCP(L) 

Mounting Height .<ni> 

D — ^Average spacing of outlets. 

Allowable variation .in mounting ^height. .'. . . ±.1D 



B 

160 

01141 

11" 

497 

84:8 



166.8 

.6D. 

-I* .ID 
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CANDLC-PGWEI^ DiSTRIitUTION <$URVB8 FOfi P<i^- 
TORIA VELUmA REFLECTORS— (Continued) 




No.-, of Curve A 

Size of Lamp (Watts) 16D • 

No. of Reflector 01140 

Size of RefleOtor (Inches dia.) ll'' 

Effective Lmnens per Lamp...i..» 438 



rMSCP(R) 

EflSoiency of . Reflector (%) •{ - — • — ^— *• 

ImSCP (L) 



I 87.- 



rMLHCP(R)T 

Value as a Reflector (%) < — V 126.1 

LMLHCP(L)J 

Mounting Height 80D 

D — ^Average spacing of outlets.. 

Allowable variation In mduatlng height ±;1D 



B 

2S0- 
01140 
•11" 

762 

88.5 



181.6 

.8D 

±.1D 
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No. ol Curye . A . B - 

81x9 ol Lamp (Watts) IM . <00 

No. pf Reflector 0U« 0U*8 

Size at Reflector (Inches dla.) 13" 12" 

Effective LiUmena per l^amp TMt IITS 

rMSCP(R>l 

Bffloieney ol Reflector (%) i [ 81.7 79.4 

l.MSCPCI-)J 

fMLHCP(R)l 

Value as a Beflector (%) i V 117, B 114.6 , 

ImLHCP(L)J 

Mounting Height 8D .BD, , 

D — Average spacing of outlets. 

AUowable variation In mounting height iilD . ±.1I> 
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OANDLr-f^OWER OlsrWBUTIOVi CURVED FOK FOS- 
TORIA V6LU«IA RSFLECTOR8^(Contfnu«d) 




No. of Curve A 

Size of Lamp (Watts) 400 

No. of Reflector ..;; 01141 

Size of Reflector (Inches dia.).. 15^ 

Effective Lumens per Lamp 1240 

Efficiency of rMSCP(R)1 

Reflector (%). ,..< )■ 83.0 

LmSCP(L)J 

Value as a rMLHCP(R)l 

Reflector (%)..< V 134.3 

LMLJICP(L)J 

Mounting Height • 6D 

D — Average spacing of outlets. 

Allowable variation in mount- 
ing height ± .ID 

♦Heavy weight. ' ' l ' - 



B 


C 


400 


500 


•01141 


♦01141 


14" 


14" 


1210 


1510 



72.4 



101.3 



.8D 



.ID 



70.3 

102.0 
.8D 

±.ID 
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CANPktE.pOWeR DISTRIBUTION CURVES FOR HOi^O^ 
RHANE SNAM£i-eO STEeU REFLBCTORS 




No. of Curve , ., .A . 

Size of Lamp (Watts) 25 

No. of Reflector '. SEE-40 

Size of Reflector (Inches dla.).. 6%" 
Effective Lumens per Lamp. ..... 114.2 



} 



6a. 5 



121.0 



Efficiency of rMSCP(R) 

Reflector (%>....-{ r — 

LMSCP(L) 

Value as a rMLHCP(R) 

IjleflcjCtor (%),J 

LmLHCP(L) 

Mounting Height , ,8D 

D — ^Average spacing of outlets. 

Allowable variation In mount- 
ing height ±.1D 



B 


C 


40 


60 


SEE-40 


8BE-60 


6%" 


7hi" 


167.5 


260.0 



67.0 



132.8 



.8D 



±.1D 



59.5 

U6.3 
.8D 

±.U> 
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PHANE ENAMELED STeCL REFLeCI-dRS-^Ctmtlnued) 
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No. of Curve... A B C 

Size of Lamp (Watts) 100 150 250 

No. of Reflector; S&E-IOO SE;E3-i150 SBE-250 

Size of ReflecJtor (Inches dia.).. «%" 10%" 10%" 

Effective Lumens per Laitip. ... 457 696 1260 

Efficiency of rMSCP(R)l 

Refl^ector (%X;..-^ » — Y 64.0 62.8 62.1 

iMSCP(L)J • ; . ' . 

Value as a rMLHCP(R)l 

Reflector (%)..S ■ V 126.6 124.2 126.4 

LMLHCP(L)J. 

MouMing Height , ,8D .ID < • .ID 

D — ^Average spacing of outlets. 

Allowable variation in mount* 

ing height ; ±.1D ±.1D ±.1I> 



ILLUMINATION 



No.' of Curve A B C D 

Size Of Lamp (Watts).:' 250 260' 250 ' 3GD ' 

Direction relative to wall ....... Parallel ' S0° t(i° Perperi. 

mectlve Lumens per Lamp .:,,' 

rMscpcmy 
""Imscpcl)/ 

Value aa (t rMLHCP{K)l 

l.MLHCP(L)J 

Honntintc Melsht S3D .33D .S3D ' .3n> 

D — Average spacing o[ outlets. 

Allowable Tarlatlon In mount- 
ing height I ±,1D ±.1D ±.1D ±.1D 
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CANDLE-POWER DISTRIBUTION CURVED. FO.R 
ASYMMETRICAL REFLECTORS— (pontlnued) 




r • • • • 



No. of Curve A 

Siase of Lamp (Watts) ... ... 400 

Dirpctlon relative to waU... Parallel 

Effective Lumens per Lamp 

Efficiency of rMSCP(R) 

Reflector (%) \ 

ImsCP (L) 

Value as a rMLHCP(R) 

Reflector {%)..{ 

tMLHCP (L) 

Mounting Height $3D 

D — ^Average spacing of outlets. 

Allowable variation in mount- 
ing height ±.1D 



B 

400 
30» 



• • • • 



C D 

400 400 

60", Perpen. 



.33D .SBD ,ZZD 



±.1D ±.1D :t.lD 



ILLUMINATION 
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CANDLE-POWER DISTRIBUTION CURVES FOR 
ASYMMETRICAL RErLECTORS^<Cbntinued) 




No. of Curve A B 

Size of Lamp (Watts) 500 500 

Direction relative to wall Parallel 80* 

Effective 'Lumens per Lamp... 



• • • • 



Efficiency of rMSCP(R) 

Reflector' (%). . . . < -^ 

LMSCP(L) 

MLHCP (R) 



Value as a 
Reflector {%).. 



MLHCP (L) 



f • • • • 

J • 

1 

r • # • • 



C D 

500 500 

eo** * Perpen. 



Mounting Height .S8D 

D — Average spacing of outletis. 

Allowable variation in mount- 
ing height ...,;,,,,,,,.,..,,,, H^.ID 



. • • « • 



« • » » * . 



« . • • • •-• 



.33D .33D .S3D 



^.ID ±.1D ±.1D 
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CANDLE-POWER DJSTRiBUTtON CURVB9 FOR 
. DOME TYPE RiFLeCTQRS 




Na of Curve A B C D 

Size of Lamp (Watts) 25 40 60 100 

SizQ.of Reflector (Inches aia.).. 12" 12" 1^" 18" 

Effective Lumens per Lamp. .. IXZ , 168 , 391 . 497 

Efficiency of rMSCP(R)l 

Reflector (%)... J : > 72.6 75.8. 74.0 78.1 

tMSCP(L)J 

Value as a fMLHCP(R)l 

Reflector i%).J ^130.9. 150,0/ 14^,0 U1..J5 

(.MLHCP(L)J 

Mounting Height. 67D .67D . .«3D ; AID 

D — ^Average spacing of outlets. 

Allowable variation in mount- 
ing height +.1D ±aD ±»1D ±.U) 
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No. of Curve. .■ i A B .CD 

Sliaol Lamp (Watts) ZED tit 4«0 , EOO 

S1I6 of Reflector (Incbes dia.).. .30" - IS" 20" 3V 

BOectlve Lumane per -Ijamp... lUEi ; UEl 3280 RTOS 



VaJue as a rMLHCP(R>1 

■Refleotor C%>.:J V 168.0 1«.7 1M.» 

LmlHCP(L)J 

UouBtlns HelHit .fiTD .ETD .<TD 

D — Average spaclns of outlets. 
Allowable Tariatlon In mount- 
ing height .1 ±.1D ± .ID ±.tX) 
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No, of Curv« 

sue or Lamp (WMbt) 

Hlze ol Itpflcctor (Inchei dia,), 
Eirectlve Lumen* per Lamp... 



Value ai a rMLIICI>(H)1 

IlBfleclor (%)..J — I 100,0 

[ML1ICI>(L)J 

Mountlns Height ID 

I>— Averase ■ pacing of outleta. 

Allowable varl&tton In mount- 
ing tirlght ±.1D 






m 







MfftHrHftif HMgHi : 

ftT0 fr^gfrr / . 



A 
f^4 "r 






^ ft 



4- iff 



Mf.tf 



iii.i 
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ette Of Lamp (Watts) IBO ISO 400 BOO 

Size of ReDector (Inches dia.).. 14" IS" 18" 18" 

BfTectlve Lumens per Lamp... 106 1360 aOEO 34G0 

Baclency of rU8CP(R>1 

Reflector (94).... J V S2.4 B1.6 73.7 74.0 

lMSCP(L)i ■ 



rMLHCP(R)l 
ImLHCP (L) J 



MDUntlnS Height 67D .6TD .67D .OTD 

D — Average Bpaclns of outlets. 
Allowable vaiiatlon in mount' 
'ins height ±.tD ±.1D ±.1D ±.1D 
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CANDLE-POWER DISTRIBUTION CURVES FOR 

FLAT REFLECTORS 




No, of Curve.. A 

Size of Lamp (Watts) ,. , . , . . 100 

Size of Reflector (Inches dia.) 16" , 

Effective Lumeos per Lamp 349 

rMSCP(R)l 

Efficiency of Reflector (%) i Y 85 .2 

IMSCP (L) J 

fMLHCP(R)l 

Value as a Reflector (%) ....-{ — ^ y 155 .0 

LMLHCP(L)J 

Mounting Height ....,.,. .67D 

D — ^Average spacing of outlets. 

Allowable variation in mounting height..... ..+ .1D 



B 

,150 

. 16" 

530 

88.4 

151.0 
.67D 
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CANDLE-PaWER DISTRIBUTION CURVES POR 
FLAT REFLECTORS— (Continued) 




No. of Curve 

Size of Lamp (Watts) : . . . . 

Size of Reflector (Inches dia.).. 
Effective Lumens per Lamp. . . . 

Efficiency of rMSCP(R)1 

Reflector (%) — -j ___■_ • - Y 



Value as a 
Reflector (%).. 



MSCP(L)J 
MLHCP(R) 



MLHCP (L) 



} 



A 

250 
20" 
1152 

89.0 



172.5 



Mounting Height 67D 

I>— Average spacing of outlets. 

Allowable variation in mount- 
ing height -I-.ID 



B 

400 
20" 
1750 

S3.1 



151.8 
.67D 

±.1D 



C 
500 
20" 
2025 

83.8 



148.0 
.67D 



.ID 
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CAINTDLE-POWER DISTRIBUTION CURVES FOR 
FLAT REFLECTORS— (Continued) 




No. of Curve 

Size of Lamp (Watts) 

Size of Reflector (Inches dla.) 
Effective Lumens per Lamp . . 



Efflclency of Reflector (%) 



fMSCP(R) 
1mSCP(L)J 



A 


B 


400 


500 


22" 


22" 


1670 


1916 



Value as a Reflector (%) 



rMLHCP(R) 
[mLHCP (L) 



74.4 



140.0 



Mounting Height 67D 

D — Average spacing of outlets. 

Allowable variation in mounting height ±MD 



76.9 

145.0 
.67D 
H-.ID 



aXO NATIONAL ELECTRIC I4AMP ASS€CIATION 







■*3HOfSH /s/t HJ-^MO 



ILLUMINATION 211 

PARABOLIC REFLECTORS 

All reflectors for headlight service for use with a point 
source of light are designed with a parabolic cross-section. 
1*heoretically all rays of light emanating from the focal point 
of a parabola are reflected from the surface of the para- 
bola in straight lines, parallel to the axis of the parabola. 
This makes a reflector of parabolic design most efficient 
for reflecting light in a narrow intense beam. 

Incandescent electric lamps for headlight service are made 
with a small source of light for use with parabolic reflectors. 
The distance from the edge of the base of the parabola next 
to the bulb to the center of the source of light is called 
the focal length of the lamp. The focal length of the re- 
flector should bear such relation to the focal length of the 
lamps that by means of an adjustable socket the two can 
be made the same. This precludes the use of a reflector 
having a shorter focal length than the lamp, as the bulb 
"Will prevent the proper adjustment of the lamp for focusing. 

The focal length of reflectors having true parabolic cross 
section can be obtained by the use of the formula: 

y» = 4px 

where y = one-half the opening, 

X = depth from opening to rear of reflector, 
P = focal length. 

The curves of Fig. 12 have been accurately drawn to facili- 
tate the finding of the focal length. Measure the opening 
of the reflector in inches and its depth from the opening 
to the bottom of the reflector. For this purpose use a scale 
and straightedge. Lay the straightedge across the open- 
ing and measure perpendicular to it. Having these measure- 
ments, inspection of the table will determine the length. 




SECTION VIII 



ILLUMINATION OF PASSENGER 
EQUIPMENT AND STATIONS 
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IIXUMINATION— PASSENGER TRAlrra, STATIONS lU 

CAR ILLUMTNATtON 

' The proper Illumination of poasenger equtpmect and rail- 
road equipment In iienaral has become a very Important 
guesttOD with Railway Electrical Engineera. Manuracturera 
have supplied a much felt want in tbe way of acceesorle^ 
and information concerning good pi-acUce is becoming mora 
and more standardized. 



Baogage and Express Cars: In Fig. 1 
ts shown the cross section of a bageaee 
car sb owing the center flzture which 
supports a EO watt Mazda lamp with a-30 
bulb. A substantial reBector (or this use 
Is the aluminum finish, on steel or enamel 
fteel, similar to that shown in Fig. 2. 
The dtBtribution ot light (I'om the unit 
Is of great Importance also, as upon it 
depends the satisfaction received from 
the system. 




Section 
BagsKifl Oat 

Showlnt FoiitiDn 
at Lighting Unit 



SOLOFKAHE-S'OLIBft SSTLDOTDS 

Ka. 18470 
(Ona-thiid Buala) 



Fig. 8 , 

BOLOFHAHE-I} ' OLIZK. 
SEFLECTOB No. 18480 

(0ns- third Boals) 



The proper directing and diatribu- 

__ _._ tal car la very ImportanL Shadows 

must be minimized and an intensity produced which will 
be ample for ocntfnued readtng. Ftg. 1 ftiustrates a reflector 
I developed especially for this service which will prove a . 
very satisfactory unit. The distributiiin curve of candle- ^ 
power la shown In Fig. 4 on page 316. 
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Unit 


Lamp rtcoiamiaded 


PmiHon 


lt460 


60-watt, clear bulb, tuneaten. train 
lighting 


W 



Candle-power i 

18160. 

Ths location o 



itributlon curve Riven by Reflector No. 
Linllf depends upon the size and Bpaclnf. 



ILLUMINATION— PASSENOBR TRAINS, STATIONS ilT 



Paoenaer or Day Coach: The Illumination of passenKer 
cars presents greater difficulties than are met with In orat- 
nary problems, due to the peculiar construction and Interior 
flnlsh. The general form of the car makes it necessary to 
' — '- ' (contrary to accepted rules of lUumlnatlDg 



mp»^ 



At the present time numerous experiments are being con- 
ducted to standardize on a unit which eliminates objection- 
able glare and produces a pleasing form of lighting for day 
coaches. On page 21S Is Illustrated a number of designs 
Which, with the proper distributing and diffusing glassware, 
lend themselves to coach lighting very harmoniously. 

»es on the -above 



Tig. 7 

HOLOPRAKE SEFLECIOB 

No. 181!16 8, F. 

Shonn Tith Flzturs Xids b7 'ohn 



Ooaoh, Showlnff Ughtlni imiH 



Kb. 9 
bolophave oerulctob fos 1bs3s plain edqe 

BhovD wltli rtxtUTS Jbd» b7 Adama A Vaitlaki Oampw 
(1/10 Brale) EipeoUll; D<il|!n*d for Day Oaaoh Llfhtluf 



ILLOMENATION— PASSENGER TiUlNB. STATIONS Bl» 



D-watt, clear bulb, tunKSten, train 

Ugh ting 
t-natt. alear bBlh, itungsteii, trtdn 

lighting 



ELECTRIC I.AMP ASSOCLATION 



Ufht Slitribntloii OlTWi ij tha Ko. 18IB1 ■ 



1 Mo. 1»«I6 S. F. 



Unit 


Ltmp rtcommiHjtd 


PosiUoH 


182B1 

1S238 S.F, 


2B-waU, clsar bulb, train lighting 
2B-watt, clear biUb. train lighting 


R 



ILLUMINATION— PASSBNQBR TRAINS, STATIONS ttl 

The two prtnclpal met _ _._ 

followed by the majority of lailroadB 
fixture scheme with either four i^andle- 
power lampa or one large 40 candle-power 
lampi or to use what is known as the 
semi -concealed method. The first method 
has been most generally adopted and 
Is shown In section In Tig. 11. 

The recommended Intensities for the 
Illumination of caj's will be found In the 
table under the heading of Illumination 
and Photometry. 

Dining Can: In dining cars. In addi- 

'■'" " "" ' " "'"« °' tlis Fig. 11. 

uently Hi- of Faiunger 

"'" " Coach Bhowliit 




- ,- . — --J type 

car has unquestionably been given 
more consideration than has any other 
type. However, the requirements are such 
that but very few of the methods have 
tlrely satisfactory. 



Fig. IB 
niustratlons of other fixtures fouud of vftlue In dining cu- 

lighting are show In Figs. 11 and 15. The distribution 
curves of these units have likewise been Included. 
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BOXOFHAME BEFLEOTOK PLATE VSIT Mo. 18371 
Bllavii nrith Fiitur« Mads br Skfatf On H. ft X. 
Oompanr (t/t Snale) 



Fig. 14 
HOLOFBAHE KEFLECIOS FLATE 

UNIT Ko. 18371 

(E/B Seals) 

EipeolUlT Dailgaed Iot Dlnlns Gar 

Lighting (H*U DMik S*nl«) 



BOXOFaAKE-D'OXIER 
BEFLEOTOE 18184 

(l/S Bcale) (I/S M>M) 

ZiPM8>ll7 IXlltmal (or SlnlliK Ou-, KttobM ud FutTT Il^tUig 



ILLUMINATION— PASSENQBR TRAINS, STATIONS 823 



Llffht DlitrlliDtlon Qlvan ij the No. 1 



1 Kellsatar Plate Onlt 



Unit 




PosMan 


ISSTl 


25-watt, clear bulb, tungaten, train 

lighting 


% inch' 



•Distance end contact of Ibjue above tgip at. reflector, .. 
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Fir n 

Light DlBtribUtian Oivtn b7 tbt No. 1S3TS ITiilt 



Unit 


Lamp recoMmendid 


Poiilioi. 


18378 


2G-watt, ciear bidb. trtdn ligbtlng 


% Inch- 



ILliliMrNATfON- 



TRAINS, FTATIONB 225 



Ll^lit Dlitrllmtlon I 



Fll. IS 
van br Ho. IBMO and Kg. 18«M 



(7nft 


Lamp ricommtnded 


— :|"-r 

■r „: 


WJEi 


16-watt. or 2K-watt. clear bulb, train 

, ItKhtliiK, tungsten 
IE-watt, or B5-watt, clear Ulilb, train 
lientine. tunssten 
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The lighting ot the kitchen and pantry on dining cars IB 
ot Importance oa It affects naturally the service that can be 
rendered. Glass or steel Is adaptable to this class of lighting 
i^holce being greatly a matter ol personal like or dislike. 
Tbe.tareKolns-Uluatiratlan and dlstdbutleB suEVM^atiaw aaaa^ 
types of units for this class of lighting. 



' Parlor Carsi Here, too, the lighting scbem^ should l«Dd 
Itself to artistic treatment . A pleasant adequate ^tlfnt 
I should be produced which Is devoid ot sharp shadows. 
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Jtg.ia 

aOLOFHANE TTITIT 
No. 18306 
Bhnini vith riztura Xad a 
vf- 91 ' . bf Pullman Ooiapapj 



HOLOPHANE UNIT Ho. 18310 
Bhown with Fixture Hade br fullman 

Oompui; 

(1/4 Scale) 

Eapeolallr Deilcnad for Bteaplnc Car ind 

Parlor Cu UgbtlnK 



(1/4 SMla) 



ric- S3 rig. M 

BOLOFH&HE PLAT- HOLOPHAITE PLATFOBM 

FOSK LIOBTIKO LIOHTINa imiT He. S61S4 

VNIT Ho. B9BS* (1/4 Softla) 

(1/4 Boale) EapMially Deiltned for PUt- 

' ' form LIrhttDR 



iLt.uwmA'FiK^^pAasBN'aEiRTHAiNs.eTiti'noNS sn 



\, ... . FlB.M . ,' , J 

LlBht DlitrlbnUonB Oiven b7 tha Ho. 18805 and Mo. 18S10 ITnlti 



Unit 


Lamp recomme«iti 


PosiHon . 


ISSOB 


16-watt or 25-watt, clear bulb, train 

lighting tungsten 
SO-watt, clear bulb, train lighttDK 
.. tuneiBteii,, .-, .., ,. 


ft 


- The a 







and «fHcle|it deBlgnl fpr cai;. llj(titinK. , 



NATIONAL ELECTRIC LAMP AMOCHAnON 



■ ■ - " ■ tl«. BB 

LiBbt Dlstrlbntion EHTen b; tha Mo. WSBe and Vo. SSlSi TTnlti 











Unit 




PosiHah 


B99ZB 

sei34 


25-wat 

4a-Hali 
«0-wat 


clear bulb, lio-volt, t'on^ten 
clear bulb. IW-'ol^ tunB<ten 


U la. below* 
14.111. helowl. 

inch* 



•Distance ead contaot of lamp to top of reflectoir. 



ILLUMINATION— BABSENGEUITRIAINS, STATIONS lit 



.fileepinc BulEel.i Parloi .uid Club < cars < 
■omswtet" ' — -• " •— =" 

elDclency BiuHt ii 
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Platform and Station Llghtlnfl; This branch of railway 
ll(htiiiK ts ea vital a factor to ba conaSdered for proper 
liBhtltiK BR any branch heretofore mentioned. On platforms 
a light 1b desired, while being fairly wide In distribution, 
must at the same time be ahtelAed (rom the eyes of ap- 

Sroachlng engineers. Serious accidents have happened from 
light lights m the direct field of vision destroying a clear 
view of objects ahead. 

A pleading waiting roami helps greatly to dlapel the long 
mlnuto between Iraina.i.A waiting room properly Hghtad - 
wlU'PBnnIt at reaMng at any place In It and IlkewiM vom- 
blnes the anlRtlc In Just Ihe right pMfwrllon. , . ., 



ILliUMIN^TION— PlASaBNGI«{TBJlINS,flTjVTIONS Ml 



r BUMoD VatHns Koom LlshtlaB, 
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Fig. SO 
No. ISSIB KsaUte Unit 



U.i, 


Lamp recoaimendii 


Posflion 




18312 


2501watt, clear bulb, tunsaten, 100-volt 
400-wa;lt, clear buJb, Wngatan, -110-volt 


1% inch* 
2 Inch- 





^ 




SECTION IX 
WIRE 

INCLUDING GAUGES. WEATHER-PROOF 
WIRE, RUBBER COVERED WIRE. MAG- 
NET WIRE, CARRYING CAPACITY, RE- 
SISTANCE. INSULATORS. MELTING 
POINTS AND CONDUCTIVITIES OF AL- 
LOYS, CURRENT REQUIRED TO FUSE 
WIRE, RUBBER INSULATION, WIRING 
TABLES, WIRING FORMULAE, METHODS 
OF MEASURING VOLTAGE, CURRENT. 
AND RESISTANCE 

CONDUIT 

SIZE AND SPECIFICATIONS 



' . •. » . > 



1 



\ 1 



. 'I 



'' ', t '. f I, 



I. ^ 



J M J 






wn -and ' Sharpe ' (fiu & , 4- ) = -^tneriCan "x^^ire Gauge 

^ - •■ ■. > - 



In addition to the^ confiisioii t£EUsfed hy '^a'^miil^ii^icity of 
wire gaxtfi&Bf sefveral of them are known by varlotis names. 
For exaiW^e: ['-■'■>' ' ■ ♦ ' . '- ' '' . ' ' ' 

Brown 
(A. W. 

New Brltishi. Standard (N. B. $.) = British Imperial, Eng- 
lish Legal Standard Wire Qauge and is ir^rio^sly abbre- 
viated as S. W. C and L W. p. ^ 

Birmingham Gauge <iB. W. &.) =rStutt& Old English Stand- 
ard and Iron Wire Gauge. 

Roebllng = Washburn Moen; : il^edtcain Steeii & Wire Co.'s 
Iron Wire Gauge. ^ • / ,.- 
London = Old English (not Old Epgljsh ^13^) '! 
As a further complication: 

Birmingham or Stubs Iron Wire Gauge is, not the same 
as Stubs Steel Wire Gauge. * 

BROWN A. SHARPE'S GAtJGE 

Brown and Sharpens gauge, or as it is commonly known, 
the B- & S. gauge, is standard for copper wire. It is un- 
derstood to apply in all cases where the size of copper wire 
is mentioned by its wire gauge number. 

Reference to the following tables will show that for all 
practical purposes the area in circular mils is doubled for 
every third size heavier by gauge number and halved for 
every third size lighter by gauge number. 

Every tenth size larger by gauge number has ten times 
the area in curcular mils. No. 10 B. & S. gauge has an 
area of approximately 10,000 circular mils, and from this 
basis the other sizes can be figured, if a table should not 
be handy. 

GENERAL USES OF GAUGES 

B. & S. — All forms of round wire used for electrical con- 
ductors. Sheet copper, Brass and German silver. 

U. S. S. G.— Sheet iron and steel. Legalized by act of 
Congress, March 3, 1893. 

B. W. G. — Galvanized iron wire. Norway iron wire. 

American Screw Co.'s Wire Gauge. — Numbered sizes of 
machine and wood screws, particularly up to No. 14 (.2421 
inch). 

Stubs Steel Wire Gauge. — Drill rod. 

Roebling & Trenton — Iron and steel wire. Telephone and 
telegraph wire. 

N. B. S. — ^Hard drawn copper. Telephone and telegraph 
wire. 
London Gauge — Brass wire. 
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WIRiNG TABLES 

Table of Carrying Capacity at Wlrei 

Below la a table showing the allowable ■ cmrylng capacity 

or wires containing »i per cent pure copper, whlidi must 

be followed in piaclnR Interior conductors; 

RUBBER COVERED WIRES 
B. & S. GauBf .Imperes Circular Mils. | Amperes 



le . 



!T0 



The low limit Is specifled lor rubber cove red wires to 
preTent gradual deterioration ot the high Insuiatlong . by 
tb« heat of the wires, but not from (ear of igniting tl^ 
inaulatloa. The question of drop ia not taken Into Obiu 
slderatlon In the above tables. 



FINE MAdNET WIRE 





ameter 


Ohms, p 


« Pound 


Feet, pe 


i'ouirt > 


Gauge 




Double 




Double 
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Data on Solid Wires Larger than 4/0 



No. 
B. &S. 
Gauiere 


^^"^ 


. 'Circular 
Mils. 


•» — 

Feet, pier 
Pound 


Pounds 
per- 
Foot- 


Ohms 
per 
Mile 


6/0 1 

6/0 

7/0 

8/0 

9/0 
10/0 
11/0 
1270 


■ 615 

675 

640 

710 

785 

-8^6 ■' 
• 950 
1040 


265,226 
330,625 
409,600 
504,100 
616*225 
; 748,225 
902,600- 
* 1,081,600 


1.29 • 
1.00 

.81 

.66 

.54 

.44 

..87 

.21 


.80 
1.00 
1.24 
1.53 
1.86> 
2.25 
2.73 
8.27 


;206 
U65 
433 
4O8 
V089 
378 
!060 

:o5o 



INSULATORS IN ORDER OF THEIR VALUE' 



Dry air 


Jet 


Silk 


Shellac . 




Dry iMiper • 


Paraffin 


Mica . - 


Parchment 


Amber 


. ^onite 


.Dry leather 


Resins 


Outta-percha- 


Porcelain 


Sulphur 


India-rubber 


Oils 


Wax 







(k 



IVIELTINQ HQINT AND BBLATIVE ELSCTRICAL *CON 
DUCTIVITY OF DIFFBReNT MfiTALS AND ALLCtVs 



Relative 
Metals Conductivity 

Pure silver 100. 

Pure copper. .....,..; , . iOO. 

Refined and crystallized copper. ....... ' 99.9 

Telegraphic silicious bronze 98. 

Alloy of copper and silver (50%) 86.^5 

Pure gold 78. - 

suicide of copper, 4% Si 75. 

Silicide of copper, ,12% ^i . . , 54.7 

Pure aluminum ; 64.2- 

Tin with 12%. of sodium............... 46Jt 

Telephonic siHclous bronze ..'...., 85.''^ -, 

Copper with 10% of lead :..... \ \*,; 20. 

Pure zinc 29.9 

Telephonic phosphor-'bronze 29. 

Silicious brass, 25% . zinc ..... .^ -26.49 

Brass : with? - 85% .zinc:- . ;.. v. ..-.:. w "21.5 "r 

Phosphor tin '.....-*....... . .-. .^t ..... .^ . . 17.? 

Alloy of gold and stiver -(50%) ........ .16.SJt 

Swedish iron i......;.,.....-.-.^.-. ; 16. . 

Pure Banca tin . . 15.45 

Antimonial copper - 12.7 

Aluminum bronze (10%) , ................. 12.6 -i 

Slem^ds steel C .v . t « • ^.^ ^"^ . . . . . ; r. .~ . ^ .\ .'' 1.2. '^ ^ 

Pure idattfium ■.'..'... ,'. ♦ .-• . .-.. - »'*. '.V^ . . .' 10.6 - 
Copper ^tii 10% of ntekel. ..,.': ,\ a;. • . c 10.6 
Cadmium amalgam 



^.''. i m ir, ^f^ 



Dronier mercurial bronze 
Arsenical copper (10%) ... 
Pure lead ' .-t ....« .n .-..>. ....^ r 
Bronze with 20% of tin... 

Pure nickel , 

Phoaphor-bronze, 10% tin 

Phosphor-copper, 9% phosphorus 
Antimony , 



O...^;.:- ....; 10.2 -.: 



10.14 
9.1 
8.81" 
8.4- 
7.89 
6.6 " 
4.9 
8.88 



.»• 
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|550 



9016 

.# • • • 

• • • • 

1160 
s.. 

• • • 

r778 
v.. 

o.. 

>.. . 

|6o6 

• 442 

•;.. 

4-..- 

tioo 

u 
C 

>• 

"^680 

8806 



840 



■ WIRE AND CbNtyDTT' 



■" "B,ftis.- . 


Copwir, 


GeriDMSil™ 


.- Iron 


GUBB 






Amperes. . 


if 


Bra 








-'284^' 


■ ■ 1 e!'' ■ - 


- Sfl. 


- la '■ 


aas- ■ 


120.7. ) 


" .71.3 '_-■- ■ 


ts 


200, 


1 2.S. ' 






166. 


..-■-■. i.e- ■■ ■ 


■ ."• Wa ■' 






■ ■ 1.2' 




i« . 




0, - 


■ ■ Bsis 






.4-" 


' 3 .S' 


'■ ■ , 1* . ■ 


8a;« 


.i:' 


-e .1 






■ tS\ ... 


■2,2 


:■'*>■■ 


■ ss:b - . ■ 


.. .,.. _,.,--, 




" " 




■ ■■■ 36.3i . 


■ ■-■■. u;>' 




*i.2 


.1 




■ »■■ ' ■ 


. ■> «*,s .- 


. . T17.1- ■ 


■-■■'--w!j'' ' 


. -. .-er'--- ■■ 


■:■;. -■28.-B' 


■ «.«■! ' ■ 


..1 ■:..■ i8.!8''-:' 


■ 36.' ■ 


W.B 




. . .48' ■ 


■-26^ 1. 


■ ■ 20.6 




■ ,«B- . 


37 ■' 


n.7 




-mi »,»■■■ J 




■ ■■■ a*;? ■ ■ '■ 


,. ,., ;s /.- . 


. ■ -1 Hi-'- -■ 


■.'I 


12.6 
' ' to. 26 




/■■;;;; ^,;;-' 


■ -.'. ■";■ 


8.76 


'.&'■'' 


,. :- .«Br ^. 




' — 1.28: 




1 ■■ iB5".-- 


■■ ■ SB'- 


■«■". ■ 


■ ■^*'-, ■' 


■ '■ 'M' 






, •■ -SS'. 


-■ II'- 


■ '.Zi ■ ■ 


■ . 'I' ,13 " ■ 


/ 1 


, ■ S.08 ' 


W' 


•■,"*!■;:' 


3S 


2!20 




.8T'". ■ 


40 


1.S6 


, , , ;y5., .. 


■ ,«:■ 



RUBBER COVERED Wr'R^ 
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Much wire passes under the misleadinflr name of "Rubber 
Covered'* when» as a matter of fact, there Ur not- one ounce 
of rubber in ita. composition. It is composed of rubber 
substitutes and cheap ingrredients, and as one writer aptly 
states, bears as much relation to pure rubber as- a^ bnmt 
cinder to a lump of coal. Such insulation falls an easy 
prey to temperature .variations and cUmatic conditions and 
soon disintegrates, asy having no rubber, it possesses no 
vitality, no dialectric strength and no capacity for work. 
Consequently it is entirely worthless and should under no 
conditions be used. The fault lies, not with the manufac- 
turers, but with the rules which require a certain thickness 
of insulation and do not specify whether this insulation shall 
be composed of clay or rubber. 

On the other hand, rubber by itself is worthless as an 
insulating material- for the reason that in its natiural con- 
dition It absorbs more or less moisture and when exposed 
to the air rapidly oxidizes. This naturally precludes its 
use for insulating material, but, in conjunction with the 
proper ingredients and when properly vulcanized, it becomes 
not only waterproof but almost indestructible under normal 
conditions. 

Vulcanization, when pi^operly done, does not alter the con- 
stitution of rubber but it can be made to adversely affect 
or deceptively modify its behavior. When over-vulcanized 
it becomes hard and brittle, and when under-vulcanized it 
becomes flabby and inert. In the one case, under a tensile 
test, the insulation will break and in the other it will stretch 
but not recover. 

Good insulation is indicated by its ability to withstand 
a tensile test of 800 lbs. per square inch without exceeding 
its elastic limit. This test can be approximated by stretch- 
ing the insulation several times to three or four times its 
original length. While the insulation may be considered 
satisfactory, if it recovers and jumps back to its original 
form with a vigor similar to a magnetic pull after the 
elongation test, nevertheless the tensile test outlined above 
is much preferable in weeding out the cheaper grades of 
rubber. 

This tensile test is easily obtained where there is 30 per 
cent Fine Para in the insulation. It can also be satisfac- 
torily fulfilled where there is a less anxount of Para and 
from 40 to 50 per cent of a cheaper grade of rubber. This 
is, of course, a serious drawback where ^e best results 
are desired^ The test, however, if it does not assure the 
best, nevertheless wipes out the cheaper substitute and 
assures an insulation that if not equal in durability to 30 
per cent of Para ln^ immeasurably superior to anything that 
can be obtained dhort of a chemical analysis. 

WIRING FORMUL/E 

Ohm's Law: The Electrical Units— volt, ohm and ampere — 
which are most frequently used, have fortunately been es- 
tablished so as to bear simple but important relations to 
one another, based upon the current increasing and de- 
creasing with the voltage, but increasing when the resistance 
decreases, and decreasing when the resistance increases. 

Using the symbols mentioned above, this is expressed in 
the following equations: 

Ir=— E=:IR R = — EI (or watts) = I»B 
R I 

E» • 
EI (or watts) = — 



^ 
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- Klrchhofr« Laws: Klrchhoff's Liaws, 6f ^hlcji th^re are 
t\v6, are of especial value in dealing with a' network of 

eonduotors. ' 

."■1.1. . . , . ■ . ■ ■ • ■ 

Ffpst. Ls^w: Tlie alge,- 
braic sum of all tlie cur- 
rents 9,t any point is equal 
to zero. . 

From Fig. 1 

'or I = li + ij + la 

Second Law: In an>^ 
closed circuit the algebraic. 
sum of the i r drops is 
equal to the e. m. fs. 



From Fig. 1 • j-j^ 1 

iiri — iars = 
iara — igr, = 
liri +Ir =e 

Shunt Circuit: In any shunt circuit the sum of the 
reciprocals of the individual resistance equals the reciprocal 
of the effectiTie br equivalent resistance. 

From Pf g. 1 • ' 

' 1 ■! 1 '1 • 

R ri Fa ra 

Seriek CircCiit: In series circuits the resistances are added 
arithmetically, while the ^, m, fs, are , added , s^lgehraically. 

WIRING FORiVIULA FOR DIRECT CURREI^T 

Wiring Formula: From Ohm's Law,' the proper size of 
wire that should be used Xo carry a current any distance 
with a given loss in volts can be readily determined. 
Let 1 = Distance (one way) in feet. 
I = Current in timperes. 
CM = Circular mils — cross sectional area of wire. 

Volts lost = ■ 



Circular mils = 



CM 
1 X 21.5 X I 



volts lost 

In aliove, the number of feet diust be measured one way» 
not both (Bides of th^ circuit; volts lost should be taken as 
the drop allowed in volts, and Circular mils show tl^e size , 
of wire to use. 

Etsample: what si2e wire should be u^ed oh a 250-volt 
circuit where it is nec^sary .to carry ^00' amperes a distance 
of 550 f6et to a center of dlstr^ibution with a loss pf 3 per 
cent under full load? . 

3 per cent of 250 = 7.5 volts lost. 

^^^— ,*^T^ ^ >0d6ig7 circular mils, or No. 0000 B. ^ S. 

t •■'•' t,B •'■ • savige, whjt9jl>,,is the next size ^leavler,. 

In UH^n&'this or any e^er ^fidrmula to detentfltie the Mze' 
ot cosps^T to Tise, care should -Im taken to se^ that the size 
adopted' > is not i^mall^r than < billowed in ttie ' Underwriters' 
tabfe of >saf« carrying oapastties, which are fixed without 
coaiMeHng >the^ilos8 inj line. 
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, The general practice in balanced 8- wire direct iQurrwit 
systep[is with a central , neutral wire is to figure the Une 
loss oh the same basis as a 2 -wire system of the .voltage 
between the two outside wires with the. amount of current 
carried in the outride wires. The central neutral wire should 
be made the same size as either of the others. 

Reason Why: For the benefit of those who care to 'know 
the reason why, the above wiring formula is basbd upon 
one foot of copper wire, with a cross sectional area Of one 
circular mil, having a resistance very close to 10.75 ohms; 
or upon ^ne foot of copper wire, with a cross sectional area 
of 10«75 circular mils, having a resistance very close to 1 
ol^m.^ Hence the resistanfie Qf any copper wlre.= '-' -'"' 

Length in feet X 10.75, V ' '. .."*';'" 

; " ^ circular mils 

Substituting this expression for R in Ohm's Law: 

1 X length in feet x 10.75 

E = '■ — ^-' ■ ■ ■' 

circular mils 

I X length in feet x 10.75 
'^ and circular mils — ■ v- 

in the wiring formula^ however, the length in feet is con- 
sidered the "run," or one side of the circuit, hence, the 
resistance is doubled and the term 10.75 must be multiplied 
by 2. 

WJRINQ FORMULA. FOR ALTERNATING pUF^RENT 

Let I 34 <iurrefrit in line in amperes. ■ ■ 

W =: ^n^rgy-delivev^d in watts. 

»E=i: voltage between ntains. 

. P>F,=^ power- factof. . . . • »i •/ 

.Then .-■■'.■ . . .• 

. ■ '. . W . . . . • . . ■ , . 

1= for single phase circuit. 

E X P.F. ... 

l = 0.5dx^-;-^ — r^ for two-phase circuit. 

Ex P.F; 
W. ' 
I = 0.58 X ■ — r— for three-phase circuit. 

E X P.F'. 

When the power factor cannot be accurately determined 
it may be assumed as follows: Lighting, load with no 
motors, '0.95; lighting; and motors, 0.85; motors o^ly, 0.^0., 

From the above formula, if W, E and P.iP. are the sante. ' 
if will be seen \hku - » 

The current in ^ach wire two-phase equals 0J5 the circuit 
in fetich wtre single-phase. 

Thie ctirreht in each wire thi^ee-phase eqil.als 0.B8 the 
current In each wire single phas^. 

The current in each wire three-phase equals 1.16 the cur- 
rent in each wire two -phase. * ' • 

In alternating current systems of wiring, singler- phase, or . 
4-wire two-phase, that carry' -non-inductive loads, such as 
incand^^ent lamps, the printed formtila should h& used. 
When the load is> inducUve* •udi as motors ok are lamps, 
an addition of 25% to the number of ciroular-jnils QbtfUssd* 
by the wiring formula is reovmmended if the;-.Biztt.oC >wip6 
required haa be§ii figured on? the same baafts at^.tittBd m: 
direct current, to compensate for the pow«r taotor. 



^ 



W1RB3 'AND OONIXJBT 



Ut 



phase 3 -wire circuits, if non-lnductlvet may be figured on 
the same basis as direct current S-wire systems. 

Three- Phase Wiring: In a S-wire balanced three-phase 
system, which is ]ater;tdi?rided:>intO:three)8iBgto«phasa. svs*^ 
terns, the current in each wire, up to t he poin t where the 
3-wire system is divided in 2-wire, is V~~ir (1.732) times 
the amount it would be if three separate' single-phase cir- 
cuits . wefa used, . owing; ,' to, each wire hfiying ^o parry cur- 
rent for each phase. 

For example, in carrying 600 incandescent lamps of .6 am- 
peres each, 200 on each phase, each phase would carry 100 
amperes. The cu rrent in each of the three wires, however, 
woUld bo loexv V' sit 173.2 amperes, and th!s' Quantity 
should be used in the wiring formula. 

In other respects the three-phase 3-wire systen^ .m^y be 
figured the same as a 2-wire system, and each of the thi'ee 
wires made the same size. 

Three-phase motors generany bear the manufacturer's 
name plate showing the an^peres t>er phase, which repre- 
sents the total current- in each live wire, so the factor 
V 3"* should not be used to obtain the size of copper. 

In geneira); 

Amps. t>er phase * volts x \/ T" x P.F. • 
h.p. = 



n 



Amps per phase = 



746 
h. p. X 746 



I •;■ 



volts X y S X P.Fl 
The term P.F. i^ less than Unity and varies approximately 

from 0.65 for 1 h.p! to 0.90 , for 50 Ji.p.. motors. 
From switchboard vbltmeters arid ammet^ts the total load 

equals: 

Watts = amps, per •f>hase x volts x V 8~^xP.F. 
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It is highly important, as reducing the error in measure- 
ment, that the internal redOstanete of a vciltteotetf i>e as- blsh 
as practicable, as is shown in the following example: 
* Let B in the figure be % dynamoj bat- 
tery, or other source of electrtp . en,ei;gyi 
sending current through the resistance r; 
and vfiu be a voltmeter ii^dicating the pres- 
sure in volts between the terminals A and 
B, Before the vm. is connected to the 
termfltidlff i^- and' B' there wtB be a' certain ' 
difference of potential, which will be less 
when the voltmeter is connected, owing to 
the lessening of the total resistance be- 
tween the two points; if the^ resistance of 
the vnu be high, tbis differexice .will be very 
small, and the higher it Is t;Iie less t^e er.- 
ror. Following are the formulae and com- , 
putaU^s.for determinin,g ,the er^'oi:, 

In Fig. 2 let E be the o.ih.f. of the dy- 
namo, r the resistance of XJne , pircult ..^s 
phown between A and~B, and ri be the resistance of the leads 
A and B plufs t^at o^ the dynunp^.and let R be the resistance 
of the voltmeter; then, before. >the vm*, is.conhected^ the difCejr- 
ence between A and B will be 
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and after Jcoim«ctins the voltmeter it VfiU He 

• ■! ■'.. • .. '. . ' /^i<r '-' ' ' 

' " ' > ei— — ' — ■^^ — —^ — ^^ -^^"^ X E, ■ ■ '■ '- - • • • 

The diff fer^nce between ' the two results e and e^ Is thei^ ' 

. ■■ \- r>s.yx i , • 

•' = . , . e—Cx^ — X X.^i. • ; 

and this difCerenoe will be smaller the greater the resistance 
R of the vm. is. 



1 ■ • . I. • -•■ 



!Exp,mjple— , 

Let ^ = 10 volts ... 

r = 10 Qbjin& , 

ri = 2 ohms 
. y? == 500 ohms- . 

• ' 50bX 10 " '■ ' 

then ey = X 10 = 8.3[J56i' - ''^ 

»// J ,. —— ^00,XlQir JOX.2 + 2>f:SG0. ,. 

1 , 10X2 - •- ^ 

and <? — <?!= — ^X X 10 =.0333. 

500' 10 + 2 . 

If R be made lOOO ohmsr then . 

iooo.><;.io " 



"' I 



' ey = 



><!ip = a3i' 



.-.,, ,, .., * 1000X.10 + 1QX2 + 2X1000 . .' , \', ';'., V' . 

1 10X2 - ' * 

and e--ex^ — ^ X XtO ^ ;0166, • V- 

1000 10 + 2 

or Just one half of the error; it may be said that the error 
is therefore in iijve^^e proportion to tjie xesist^iice of the 

Vfltm 

If the error of measu^xxkent is -AfiH to exceed a stated per 
cent pt then 

.■■■•• '^ • • .; >X»'i-' ■ ■ •. PXR '■ i ■ -i ■•■ 

r sttid >'i must be such that ^^— — is smaller than -^-- — ^ ohms. 

■r+ri ■ ' -lO©-. ■•• : . 

If the circuit is not closed^ by a resii^ance #*, then with ^ml 
connected between i^ and B' * 

• . • ijp • . ■. . ■ - f • . 

• : , • J?+n. ,,' ,• ',.:• • 

and the error between the tr^e value andf that shown, on 

the vm. is , . ,, ' • ,.,. '-^ • _•.,., ^ > .,•• 

!.f ■ ■ it\ ■ ■'• • - ■ - -^ ••■ • 

• ' R .... • . r 

and this error decii^ases in invei'sfe pVoportion to the' increaise 
of the ratio between' j^ and the Internal resistance' of "the 
current generator ♦*. ' ' ' 

If the error is not to excee4 '> per' ceiit, then the internal 

^' . • Vxie .. ' ■ . 

resistance n must be less thdn '■ — 'Ohms. 

JOO-' .'.-.'- '^^ 

The e. m. f. of higrh-reslst^nce cells cannot be corr€fctly 
measured by the ^bove method, eVeA with Voltmeters of 
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relatively high resistance, bi^t it is abetter done by one of 
the methods mentioned . below. . 



^ COMPARISON OF E. M. f. Qf^' BATTERIES, 

Wheatst one's Method: ^Td compare e. m.^. of two ,t>atterie8 
^ and X, with low 
A} ^d'Hi th^ e'. *n 

1 f 






■^:J= 



vrr 



A and X, with low-reading voltmeters, let B be the ^. m. f. of 

.<*'. •ofX.* '^ ■ • ■ 

' First -cbnnect battery A In 

' ' ' ^'-•' seHes with the voltmeter 

and a resistance r, switch fl 

' be&ng closed, and' note the 

< defle(3tian V\ then open the 

Bwttoiti B^ rand throw in tfa« 

/.'resistance- n, and note the 

deflectiotl> ^i. Now connect 

"batitersr X'in place* of v4; and 

cl9tse tbQ. siwitch JB, and y^ry 

the resistance r untU the 











^ — 




sa|il^,'defl0ct)t<>i;i ,y oJr vjalljmetef is obtained and call the new 
resistance r^', next open the switcli B, or otherwise add to 
the resistance r% until the deflection Fi,Qf the voltmet^ is 
proflubfecfi'tlalCtWis/^adTi^dvVeSiytftrttsd'ra, thfen ' 

IJI|'£. b^ sj^ialJer. t):ian JSi, the voltmeter resistance i? may 
be taken as r, and, . it ,is better to have, n . about twice as 
large as tne combined resistance of r and the resistance 
of A. '■"'"'' 

It is not necessary that the ii^tetnal reslstiance of the .cells 
be small as comi>ar^d with K. . ^ . , '.', 

MEASURING CURRENT STRENGTH. W^tH , A ' 

VOLTMETER ' ; 

If the resistance of a part of an electric circuit be known, 
taking the drop in potential around sUch resistance will 
determine the current flowing by Ohm's Law, viz., 

E 

Id 

In the figure let r be a known resistance 
between the points A c^nd B of' the circuit, 
and / the strength df current to be de- 
termined; then if the voltmeter, connected 
asrahown^ gives a defleotion of V vdlts, the 

v: ■ ' ■ 

current flowing in r will l^e / = — : 

For the corrections to be applied in cer- Eig» 4 i 

tain cases, see the section on Importance of 
High Resistance for Voltmeters. 

'Always see that the ; resistance ■ r ■ hast enough carrTing 
capa^ty to avoid a rise of temf^eraturewhieh would change 
its, resistance,. . j.. . ■ ,- . 

J(f . t^e jtea^iing iSrei¥fS^pt to — volt the .measurement ^of eur- 

* ■ i .r -i - • .:■ '. p . .' ■ ■ ■.. . .■=• , ■••■ 

rent will be exact to amperes. If r = .5 ohm. and the 

^eacting^ &re' taken 'on a IbW-readlng voltmeter, say ranging 
from to 5 volts, and that ckn be read to ajs volt, then 
the possible error w411'>e • • 

i = , I. .• « ■ ^ ■> .-• • , •■ ..* . . .. • , • •. . '■ 
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= — ^ampere. 

800 X .5 160 ^ 

If r be made equal to 1 ohm/ then the volts rea^.Also 
mean amperes. 

Measurement of Very Heavy Currents with ^ Mfllivolt- 
meter; , For th)s purpose the method outlined above is most 
generally used with the substitution of a millivoltmeter for 
the voltmeter. . 

t Where portable instruments are used, there must be a 
calibrated shunt for the millivoltmeter, the shunt hetng 
made i up of a metal that does not vary in resistance with 
change of temperature, and which is placed in series in the 
circuit, the millivoltmeter simply giving the drop around 
this shiint, its scale being graduated in amperes. 

Jf or . switchboar^d instruments the method is the same, be- 
ing vatied sometimes by using as a shunt a measured part 
of a conductor or bus bar in place of a special resistance. 

MEASURING RESISTANCE WITH A VOLTMETER. ..; 

General Methods: In the figure, let X = the unknown re- 
sistance that is to be measured, r = a known redistaAce, 
E' the dynamo or othei* steady source of e. m. f, 

When connected a^ shown 
|n the figure, let the volt- 
meter reading be V; then 
connect the voltmeter ter- 
minals to . .% ip, the same 
manner and* let the reading 
be Vi; then. 

and ' X— 




If, for instance, r = 2 ohms 
and K = 3 volts and Vi — 
4 volts, • then 

.2 X 3 



—wvw 



AAr 



j@C 



Fig. 6 



= 1.5 oiims. 



If readings can be made to ^^ volt, the error of resistance 
measurement will then be 



-(^y 



100 X riiyl — + — I Per cent. 

and for 'the above example would be 

1(4 H- i) = 0.58%. 

Should there be a considerable difference between the mag- 
nitudes of the two resistances X and r, it might be better 
to read the drop across one of them from one scale, and 
to read the drop across the other on a lower scale. 

Resistanee Measurement with Voltmeter and Ammeter: 
The most common modification of the above method is to 
insert an ammeter in place of the resistance r in, the last 

figure, in which case X = — where I is the current .floTf* 

ing in amperes as read from the ammeter. 
If the readings of the voltmeter be correct to ^lo and the 
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amoy^ter refLdi|i«ga be correct to, tb<| (3ai|ifi jdei0[UBe,. t^a^^s- 
sible eri*or becomes: " . . . 



100 X (—— + -~ — ) 

\WOy 100// 



. { 



per cent. 




f igr. 6 



Measurement of Very Smatl Reslstancee with a. MiUlvoU-( 
meter and Ammeter: By using a millivoltmeter in ceyinec- 

tion with . an ammeter, very 
sjnaU resistance, such as 
those of bars of copper, ar- 
mature resistance,, etc., can 
be accurately measured. 

In order to have a reason- 
able degree of accuracy in 
measiiring rj^sistance by the 
"dror^' method, as this is 
called^ It is necessary that as 
heavy curr^ts as may be 
available be/ used. Then, if 
E be the dynamo or other 
source of steady e. m. f., X 
be the required resistance of 
a portion of the bar, V be the 
drop in potential between the points a and b, and / be the 
current flowing in the circuit as indicated by the ammeter, 
then 

■ F 

• ' X = ~- 

I 

The applications of ' this method are endless, and but a 
few, to which it is especially adapted, need be mentioned 
here. They are the resistance of armatures, the drop being 
taken from opposite commutator bars and not from the 
brush holders, as then the brush contact resistance, is taken 
in; the resistance of station instruments and all switchboard 
ajppHanees, such as the resistance of switch contacts; the 
resistance of bonded joints on electric railway work. 

Measurement of Hfgh Resistances: With the ordinary 
voltmeter of high internal resistance, let R be the resistance 
of the voltmeter, X be the resistance to be me^^ured. Con- 
nect them Up in series with some source of electro-motive 
force as in the following figure: , > •' 

Close the switch t, and read the voltage. K' with the .rec 
slstance of the voltmeter alone in civcuit; then open the 
switch, thus cutting in the resistance X, and take another 
reading of the voltmeter, Fi. 




Then 



X- I? 



6:0 



y 

If the readings of the volt-' 
meter be correct to 1/10 of 
a volt the error of the above 
result ^n be 

10 fV-\- V^\ 

— I I per cent. 
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M'^ASURTNC Vwe- JNSULAtrON OF LfQHTlNOi; AND 
POWER CIRCUITS WITH A VOLTMETk^ 

For rough measurements, where the exact insulation re- 
sistance is not Tiequirdd, but it is wished to determine if 
such resistance exceeds^ some started ngure or rate, then the 
method above given will do, when applied as follows; 

Let X •:=■ Insulation resistance to gpround as in figitre* - 

Xi= Insulatioti resistance to ground, of opposite lead. • 
ie = Resistance of 'voiltmeter. 
V = Potential of dynamo E. 

Vpz Reading of voltmeter, as connected in figure. 
F*= Reading of voltmeter, when connected to opposite 
lead. 



Then 
and 







niffi 




^L ± 



'==' cmoiiNO 



Fig. 8 



'CMOUM0 



The above formula can be modified to give results njore 
nearly correct by taking into account the fact that the path 
through the resistance R of the voltmeter is in parallel with 
the leak to ground on the side to which it is connected as 
shown in the following figure: 

In this cape the voltage V 
of the circuit will nojt, only 
send current , through the 
lamps, but through the 
leaks ^ f to ground, and 
thrpugb the ground' tp d. 
and c, thence through d to 
b, and c to a, these t\Yo last 
t)aths being in parallel, 
therefore having less resist- 
ance than if one alone was 
used; thus if r be the re- 
sistance of the ground leak 
^ ^ b d, and r, be the resistance 

of the leak e f, and R be the resistance of the voltmeter, 
th«n the • total re^^stance by way of the ground, between 
the conductors, would be 




T. ■ 



JFig. 9 



V^ ^ 



^X r 

R -1- r 



+ r, 



and if 



Then 



and 



V— voltagre of the circuit, 
V = readingr of voltmeter from a to c, 
V, — reading of voltmeter from ^- to c. 



The sum of the resistance r + riwill 



— 



+ v,) {V—(v^^v,) 



V '!- Vi 



) 
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MEASURING THE INSULATION OP DYNAMOS 

The same formula as that used for measuring high re- 
sistances (see Fig. 7) applies 
equally well to determining 
the insulation of dsrnamo 
conductors trom the iron 
body of the machine. 

Connect as in Fig. 10 all 
symbols having the same 
meanins as before. 

Liet r = insulation resist- 
ance of dynamo, then 



-(^-) 




Fig. 10 



MEASURING THE INSULATION RESISTANCE OF 

MOTORS 

Where motors are connected to isolated plant circuits 
with known high insulation, the formula used for insula- 
tion of dynamos applies; but where the motors are con- 
nected to public circuits of questionable insulation it is 
necessary to first determine the circuit Insulation, which 
can .be done by using the connections shown in Fig. 8. 
Pig. 11 shows the connections to motor for determining its. 
insulation by current from an operating circuit; 

Here, as before, the in- 
sulation r of the total con-, 
nected devices = 




G:-) 



rig. 11 



If r = total resistance of 
circuit and motor in mul- 
tiple to ground, and r, is the 
insulation of the circuit from 
ground, then X, the insula- 
tion of the motor, will be 



X = 



r,Xr 



Ti—r 



MEASUREMENT OF THE INTERNAL RESISTANCE OFC 

A BATTERY 

In the following figure (No. 12), let E be the cell or bat- , 
tery whose resistance is to be measured, K be a switch, and 
r-t a suitable resistance. 

Let V ■=■ the reading of 
voltmeter with the key, K, 
open (this is the e. m. f. of 
the battery), and 
Ki = the reading of volt- 
meter with key, K, closed 
(this is the drop across the 
resistance r). Then the bat- 
tery resistance 



T^ 




Fig. 12 



V-V, 
rt = rX ohms. 
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CONDUIT SIZSS FOR DIFFERENT SIZE WIRES 



^ 




c 




1 


B, is. 


Ml,. ] 


IS 


,624 1 






S!! 




1 


&30 


10 




180 




1' 






3' 


!E0 






100 






740 






630 




« 


370 






630 







500 


00 


■ 3 


100 


eoo 




800 


T". 


a 


too 

000 






a 


000 






00 








S50 


wo 






00 








150 


000 






soo 

550 


000 






eo< 


000 


























H) 












10 












1 10 






I 








1 


10 






1 


w 






- 1 


H) 














1 


10 














1 








2 


JO 



w',„ I 



WIRE AND CONDUIT 



' I .. 



I 1 



261 



i • -f 



V t 



M 




/I 




1" 






t4 






rif. 13 



> J 



» i 



2«2 NATIONAL ELECTRIC LAMP ASSOCIATION 

The table of Equation o( Pipes, page 259, gives the number 
of pipes of one size required to equal tn delivery larger 
pipes of equal length and conditions THat portion of the 
table above the diagonal line pertains to standard steam 
and gas pipes That part below thlo line refers to pipes 
of the actual given internal diameters The intersection 
of any twg sizes gives the number of the smaller slae of 
pipe req(»frea to equal one of the arger size In delivery. 
Thus it requires 8 Ave inch ptpea to equal 1 eleven Inca pipe. 

In laying out a conduit Job first ascertain the £)l«l and 
number of wire required then talCe the proper siae of con- 
duit from table on page 260 One half inch Is tha^iflaiallest 
size conault permitted by the National Electric TMa and 
Is genially used for brandies One pull box will take 
the place tit several elbo»s and WiH be found most eoonom- 
Ical tor DMtil^g turns in n^nli g sjfeveral conduit" together. 

Wlrei should never be puUel thlH ugh conduit lAith 'Wock 
and tslkle B.i It will not mlv Tnjure the Inanlation but 
is iBoBlF to «o wedge the wires that they cannot be removed 
readily 



tl^an Ivcay soap or soapatone t 
Conduit 



cofldult is cut ream out the end (s otherwise 

the burr may eut through the insulation on the wires 

Ping kll axposed ends of conduit in new buildings to 
preveot plaster and diet from falling Into It 
Secu|)^y fasten all condflU by pipe straps or MMh, 
Folp)Wtn|( ar^ speclflcatlonB for Iron pipe condnlt Used 
by one Di the largest railroad sj^tems in this country. 

1...... — _. -^ - ^._i — _. ._* .[ijjj ju those who, 

ting Bpeclfloatlons. 



Lenqthi: The conduit should be furnished In lengths 
ten (10) feet, each end being threaded with a standard pi 
thread, and with each length should be furnished o: 
coupUng; provided, however, that. If desired, the condi 
may be ordered cut to speoiSed lengths. 
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Galvanizing: The interior of the conduit must be free 
from burrs and fins and the ends of the conduit should 
be cut square and reamed smooth. Pipe and couplinffs 
should be galvanized separately. 

All bends of the radius given in the following table or 
smaller should be galvanized after bending. 

Size of Pipe Radius of Bend 

^ in 4.25 in. 

% in 5.50 in. 

1 in 5.75 in. 

m, in ?... 7.25 in. 

IMs in. 8.50 in. 

All blistered or defective pieces of conduit should be 
rejected. . 

Tests: Two samples, not less than one foot in length, of 
each size of conduit should be selected at random from 
each one thousand (1000) feet or fraction thereof of conduit 
ordered, and tested as follows: 

The sample should be immersed in a standard solution 
of copper sulphate for one (1) minute, then removed and 
immediately washed thoroughly in water and wiped dry. 
This process to be repeated twice. If after the second (2) 
immersion, there should be a copper-colored deposit on the 
sample or the zinc should have been removed the sample 
to be considered as failing to pass the test. 

Standard Solution Cu SO4: The standard solution of 
copper sulphate (Cu SO4) consists of a solution of commer- 
cial copper sulphate crystals in water. This solution should 
have a specific gravity of 1.185 at 70** Fahr. While the 
sample is being tested the temperature of the standard 
solution should at no time be less than 60° or more than 
80* Fahr. 
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GENERAL DATA 

INCLUDING GEARS. BELTING, PULLEYS, 
SHAFTING. ROPE DRIVE. BEARINGS AND 

FRICTION 
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GEARING 

The circular pitch of a gear wheel is the distance in 
inches measured on- the pitch circle from the center of one 
tooth to the center of the next tooth. 

If the distance of the teeth of a gear thus measured 
ivere Z% inches, we would say that the circular pitch was 
2% inches. 

Let P= Circular pitch. 

D = Diaziieter of pitch. circle, in inches. 
C = Circumference of pitch ^rcte. In ' inches. 
N = Number of teeth. 1 . . ' 

7r=3.l416i;. 

C ifr^ C irD 

P = — or N = — dr — - , 

N N P . P . 1 

-■- ■ PK ■ C •' 
C == P-N or yr D. B = or-^- 

Adaendumi=.3 P, Rpot = .4 P. 

Thickness of teeth; for" cut gear = .5 P; for cast gear .t% P. 

The diametral pitch of a gear wheel is .the numbOT.\of 
teeth in the wheel divided by the diameter of the j^it^h 
circle in Inches, or. It is the number of testh on the cir- 
cumtjerenee of the gear wheel for one foeh diameter MDf 
pitch circle. =-■ 

A !geluT w|th ^^ pitch' : diibneter .of 5 inches, and having ^40 
teeth "is iS pitch; one with the sam.e pitch diameter/ and 
haying: 10 teeth; is 14 pitch. ' : 

In the gear of 8 pitch- there -are -* teeth on -the cirouin- 
ference! for :eadh inch of the. diameter of. the pitch c^cle; 
and in' one: of .14 pitch there, are 14 teeth on thecircuih- 
ITerence for -each inch of the diameter of the pitch circle. 

Let P == Diametral pitch. 

D = Diameter "ol pitch circle/ in Itiches. - '. 

. N == Number. of teeth. 

d = Outside idiameter. • ^ 'r ■". 

1 = Length of tooth, 
t == Thickness ' of tooth. 

■ • N • - N. N+2 2.157 l.Sll 

p:j=— . :D:;=— N=PD. d^-^ 1 = ^ , t=-c-. . 

D . P P F ^ 

The circular pitch corresponding to any diametral pitch 
ms^y be found by dividing 34416 by the diajnetral pitch; and 
the diametral pitch cQiresponding to any circular p^ch-may 
be found "by dividing 3.1416 by the circular pitch. -- 

ta) If the diametral pitch of- a gear is 6, the correspond - 

8.14J6 

ing cireular- pitch is ' = .6236 In. 

- 6 . 

<b) If the circular pitch is 1.5708 inches, the correspond - 

: : ; 8.1416 . . 

ing diametral pitch is = 2. . 

1.6708 • 
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Olimetral Pltchu With Their Corrupondlng Circular 



Pilch. o?TS«lh 


■=&■' 


DiameltRl 

Pitch, or Teeth 

pel inch in 

■ Diameter 


"="«?" 




- 'S 
s 

,4488 


is 

20 


.3927 

'.ai4t 
'.tm 



BELTING 
D = Dl&meter of larger pulley in Inches. 
d = Diameter o( smaller pulley In inches. 
N =: RevDlutlona per minute of larger pulley. 
~ n = Reyolutlons per minute of stnaller pulley, 
WsWfaUi of double belt In Incbea. 
w='Width of single belt in Inches. 
H = Horsepower that cau be transmitted by the belt. 



Then, H = 



DNw 






= (or double belta, 

IMS 
2750 H Z79) H 1%5 K 192S H 




Ttie above rules ___ . 

same diameter, the arc ot < 
the circumference, or i»0°. 
difterent disjoeters, tbe are 



inches between the ( 



_, t in degrees. Find the number In the flrat c 

1^ the table wlilch ia neu-eat to this result, and i 
constant corresponding t -- -- -- . -.. 

ural coBlnes Ir — — """ 
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of contact on the smaller pulley and divide it by th^ cir- 
cumrerehTce of the puHey.' Find th« fraction IW -tto«- {second 
column which corresponds < nearest to this result, and op- 
posite this, its corresponding constant. 



ais: 



Degrees 
"""90" 

W 
135 
150 
157^ 
180 to 270 



I I I ! ■ ■' Jui ' ' 



Fraction of 
Circumference 



Single Belt 
Constant 



^4 = .25 
A = .3125 
% = .3333 
H = .375. 
A = .4167 
/ff z= ,4375 
l/^to^ = .S to. .75 



6080 
.4730 
4400 
3850 
3410 
3220 
2750 



Double Belt 
Constant 

""^4250 
3310 
3080 
.2700 
2390 
2250 
1925 



■-* — • » » « »t * * » 



For example, what must, be the width .pf a. Single belt to 
transmit 12 horsepower, when the diameter of the larger 
pulley is 42 inches, of the smaller puHey 20 iti6h«s» distance 
between their centers 14 feet = 168 inches, and. r. p. m. of 
smaller. pMlley .150,? . , . 

42 — 20 

= .06548 = cosine of half the arc of contact, which 

2 X 168 . • ' 

thus = 86" 15', nearly; 86" 15' X 2 = 172%" = the arc of con- 
tact; the nearest number in the table is 180° and the cor- 

2,750 X 12 

responding constant is 2,750; h^nce w = = 11 

! : .1 20X150 

inches. 

Oak-tanned leather makes the be6t belts. When belts are 
run with the hair side over the pulley, they have greater 
adhesion. 

The ordinary thickness of leather belts is S/16 inch, and 
weight about 60 pounds per cubic foot. 

Ordinarily, four-ply cotton belting is considered equivalent 
to single leather belting. 

RULES FOR CALCUL.ATIN<3i TH^ SPEED OF GEARS OR 

. PULLEYS 

In calculating for gears, multiply or divide by the diameter 
or the number of teeth, as may ba required. In calculating 
for pulleys, multiply or divide by their diameter in inches. 
" The driving wheel Is called the driver, and the driven wheel 
the driven. ' 

Problem 1 

The revolutions of driver and driven, and the diameter of 
driven being given, required the diameter of driver. 

Rule: M^tiply the diameter of driven by its number of 
revolutions, and divide by the number of revolutions of the 
driver. 

Problem 2 • 

, "The diameter and revolutions of the driver l^eing given, 
required the diameter of. the driven to make a given number 
of. revolutions in the same time. 

Ru/e: Multiply thd diameter of the driver by its nuniber 
of revolutions, and divide the product by the required num- 
ber .of revolutions. 
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■ • Problel^ S 

The . diameter or number of teeth, and number of revo- 
lutions of the driver, with the diameter or number of teeth 
of . the driven b^ing given* reauired the revolutions of the 
driven. 

Rule: l^ultlply the diameter ^ number of teeth of the 
driver by Its number of revolutions, and divide by the 
diameter or nuR)ber of teeth of the "driven. 

Problem 4 

The diameter of driver and driven, and the number of 
revohitiong of driven being given, required the number of 
revolutions of the driver. 

Rule: Multiply the diameter of driven by its number of 
revolutions, and divide by the diameter of the driver. 

PULLEYS 

To Find Si^e of Pulley 

D = J^iameter of driver, or number of teeth in gear. 
d =I>iameter of driven, or number of teeth in pinion. 
/?ev = Revolutions per minute of driver. 
rev = Revolutions per minute of driven. 

d X rev d X rev 

D = Rev = 



0? = 



Rev 
£>XRev 



D 
VXRev 



rev = 



rev d 

BELTING 
Horsepower of a Belt One Inch Wide, Arc of Contact 180 

Comparison of Different Formulae 



u "^ c 

OJ 4) 0) 









Form. 1 
h. p.— 

iw 



550 



Form. 2 
h. p.= 



liOO 



Form. 3 
h. p.— 

"WV 



1000 



Form. 4 
h. p.— 

733' 



Form. 5 
Double 

Belt 
h. p.— 

WV 

513". 



Nagle's 

Form, /b* 

Single Belt 



Lac'd 



Riv- 
eted 



10 
20 
30 
40 
SO 
60 
70 
80 
90 
100 

no 

120 



600 


50 


1.09 


.55 


.60 


.82 


1.17 


.73 


1200 


100 


2.18 


1.09 


1.20 


1.64 


2.34 


1.54 


1800 


150 


3.27 


1.64 


1.80 


2.46 


3.51 


2.25 


2400 


200 


4.36 


2.18 


2.40 


3.27 


4.68 


2.9» 


3000 


250 


5.45 


2.73 


8.00 


4.09 


5.85 


3.48 


3600 


300 


6.55 


3.27 


3.60 


4.91 


7.02 


3.95 


4200 


350 


7.63 


3.82 


4.20 


6.73 


8.19 


4.29 


4800 


400 


' 8.78 


4.86 


4.80 


6.55 


.9.36 


4.60 


5400 


450 


9.82 


4.91 


; 6.40 * 


7.37 


10.63 


4.55 


6000 


600 


10.91 


6.45 


6.00 


8.18 


11.70 


4.41 


«600 


550 


• « • • 


• • 4 • 


• • • • 


• * • • 


• • • • 


4.05 


7200 


600 


• • • • 


• • • • 


« • • • 


• • • • 


; . • . 


3.49 



1.14 
2.24 
3.31 
4.33 
5f.26 
6.09 
6.78 
7.|6 
7.74 
7.^6 
7.97 
7.75 



Width of Belt ^r a Given Horsepower 

The width of belt required for any given horsepower may 
be obtained by transposing the formulae for horsepower 
so as to give the value of w. Thus: 

550 h.p. 9.17 h.p. .2101h.p. 275 h.p. 
From formula (1), tier =- 



V 



d X fpm ' L X rpm 
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From formula (2), w=- 



ll(K):h.p. 19.33 h. p. 4202 h.p. 630 h. p. 



From formula (3), w=- 



V V dXrpm LXrpm 

1000 h.p. 16.67 h.p. 88.20 h.p. 6001i.p. 



From formula (4), w=- 



From formula (5),*ztc=- 



• For double belts. 



9 V dXrpm LXrpm 

733 h.p. 12.22 h.p. 2800 h.p. 360 h.p. 



V V dX rpm L X rpm 

513 h.p. 8.56 h.p. 1960 h.p. 257 h.p. 



d X rpm L X rpm 



Length of Belt 

+ Diat 



I X 3.1416 I 

distance between centers] = length of belt. 



+ [2 X 



Length of Belt In Roll 

Outside diameter roll in inches + diameter hole X number 
turns X .1309 = length of belt in inches for double belt. 

Weight pf Belt (approximate) 

Length in feet X width in inches 

= weight of single belt. Di- 

13 
vide by 8 for double belts. 

Horsepower Transmitted by Light, Double Endless 

Leather Belting 

(Buckley) 



Width. 
Inches 



8 



10 



12 



14 



16 



18 



20 



22 



24 



a 

a 

u 
A 



QQ 



2000 


14 


22 


29 


36 


43 


50 


58 


65 


72 


80 


2400 


17 


26 


35 


44 


52 


60 


70 


78 


88 


96 


2800 


20 


30 


40 


51 


61 


71 


81 


91 


102 


112 


3000 


22 


33 


44 


54 


65 


76 


87 


98 


108 


120 


3500 


25 


38 


50 


68 


76 


89 


101 


114 


127 


140 


4000 


29 


43 


58 


73 


87 


101 


116 


131 


145 


160 


4500 


32 


49, 


65 


82 


98 


114 


a3i 


147 


163 


180 


5000 


36 


55 


73 


91 


109 


127 


145 


163 


182 


200 


5500 


40 


60 


80 


100 


120 


140 


160 


180 


200 


220 


6000 


44 


U 


87 


109 


130 


153 


175 


200 


218 


240 



87 
105 
122 
ISl 
158 
174 
196 
218 
240 
260 



(Speed X width -^ 650 = horsepower, light, double.) 
(Horsepower x 550 -r- speed = width, light, double.) 
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Width. 
















Inches 


























Z i*M 






36 


43 


■61 


«0 


70 


SO 


88 


96 


104 


21 




42 


G3 




















S 


48 


61 


78 


ai 


96 


109 


122 


135 


148 


o> 3*00 


27 




















157 


a 3500 
S 4000 


30 


E 


CO 


76 


Bl 


lOB 


181 


137 


162 


168 


181 






70 












174 




203 


a 4KeO 
— 6000 


38 


» 


78 


98 


118 


137 


157 


176 


196 


216 


236 




8fi 














eis 




262 




18 


Z 


sa 


ISO 


144 


ISS 




216 




264 


283 


1 ^^"^ 








122 


1G3 


133 


SIO 


240 


262 


238 


312 

























SHAFTINQ, PULLEYS, BELTING, ROPE-DRIVING 
Shafting 



,. ,_. ,_ mltted 

d ? diameter of shaft In incties. 
r = Fevolutlona per minute. 

1 For iron, A.fi. = — ; a= I— 1- 

j'arbaadahsllsnell 125 ^ r 
lUDPOrted BEainst i 

•"""■"■" [ ?fMS.. ..,..^', -^SS 

90 •>! r 

62.S -J r 



Poc hat ihaftins 



i' tonnulse, with the fol- 



.•JSLA*. 
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For transmissiDn and for short-dOurvters: 
Turned iron, h. P, 



Cold-rolled iron. 



. h, p. = 



50 ' "n/ 
50 %/ 



d 
30 



50 h.p, 
r 

30 liTT. 



Pulleys should be plaoed as near to bearlncrs as prac- 
ticable, but care should be taken that oil does not drip 
from the box Into the pulley. 

The diameter of a shaft safe to carry the main pulley at 
the center of a bay may be found by multiplying the fourth 
power of the diameter obtained by the formulae above given, 
by the length of the bay, and dividing the product by the 
distance between centers of bearings. The fourth root of 
the quotient will be the required diameter. 

The following table is based upon the above rule, and Is 
substantially correct: 



^ 4} »- <*-! 

ti > O t. ns 

•u-cCii ox: 

~rn.~ 

2 

2V^ 

3 

3% 

4 

4V^ . 

5 

5Ms 
6 



Diameter of Shaft necessary to carry the Load at the Cen- 
ter of a Bay, which is from Center to Center of Bearings. 



2^2 11 3 ft. ! 3^2 ft. 4ft. I 5 ft. 



6 ft. 




In. 


In. 


In. 


In. 


'In. 


In. 


In. 


2^ 


2% 


2% 


2^ 


2% 


2% 


2% 


2V^ 


2% 


2% 


2% 


3 


3% 


8% 


3 


3V6 


3% 


3% 


8% 


3% 


4 




3V^ 


3% 


3% 


4 


4% 


4% 




4 


4% 


4% 


4% 


4% 


5H 




• • • 


4% 


4% 


4% 


6% 


5% 




■ • • 


5 


5% 


5% 


5% 


6 




• • • 


• • • 


51/i 


5% 


6 


6^ 




• • • 


• • ■ 


6 


6% 


6% 


7% 



In. 

8 

8% 

4% 
4% 
5% 
6% 

6% 

7% 



Should the load be placed near one end of the bay, mul- 
tiply the fourth power of the diameter of shaft necessary 
to safely carry the load at the center of the bay (see above 
table) by the product of the two ends of the shaft, and divide 
this product by the product of the two ends of the shaft 
where the pulley is placed in the center. The fourth root 
of this quotient will be the required dian^eter. 

A 8haft carrying both receiving and driving pulleys should 
be figured as a head -shaft. 

Peflectlon of Shafting 

As the deflection of steel and Iron is practically alike 
under similar conditions of dimensions ana loads, and as 
shafting is usually determined hy its transverse -stiffness 
rather than its ultimate strength, nearly the same dimen- 
sions should be used for steel as for iron. 

For continuous line shafting it is considered good prac- 
tice to limit the deflection to a maa^imum of 1-100 of an 
inch per foot of length. The "height ot bare shafting in 
pounds = 2.6 d^L = W, or when as fully loaded with pul- 
leys as is customary in practice, and allowing 40 pounds 
per inch of width for the vertical pull of the belts, escpe- 
rience shows the load in pounds to be about 18 d*L = W, 
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Taking the modulus of transverse elasticity at 26,000,000 
pouttdSf • W»' derive from authoritative. f0nniit)»: 4ihQ . CoUow- 



Z.= ^ 873 rf', ^=J-^. 

L^^y-ml^, ^-J^5 



for bare shafting: 



, for shafting carrying puUeySi etc.: 



L being the . ma)cimum distance in feet b0tween bearings tor 
c<^ntinuous, ' shafting . subjected to: bei^ding stress alone, 
d = diahi. In Inches. 

' The'torslbnal stress is inveirsely proportional to the velocity 
of rotation^ \rhfle the- bending stress win not be reduced in 
the same rd,tlo. It is therefore im|>o6sible to write a for- 
mula coveting the whole problem and sufflciently simple 
for practical application, btit the following rules are correct 
within the range of velocities ' usual in practice. 

* . • ' ' ' ' ' 

For Gontinuous, shafting so proportioned as to deflect not 
more than 1-100 of an inch per foot of length, allowance 
being nnac^ for the weakening ^flfect of key- seats. 



rf= 






^•, Z:=5 V^^ 766 d'' for bare shafts; 



</= JJ^A'^^'. A=V^140<^« for shafts carrying pulleys, etc. 



d = diameter In Inches! L::= length In feett :r :=: revolutions 
per minute. 

The following table (by J. B. Francis) gives the greatest 
admissible distances between thie bearings of continuous 
shafts subject to no transverse atraln, except from their own 
weight. 



Diameter 


Distance Between 
BearlDgsJin-Feet 


Diameter 
of Shaft . 
in IiTched 


Distance Between 
Bearings in Feet 


of Shaft 
in Inches 


Wrought 

Iron 

Shafts 


Steel 
Shafts 


Wrought . 

Iron 

^hafts 


.A 

Steel 
Shafts 


2 
3 
4 
5 


15.46 

17.7^ 

19.48 

• 20.99 


15.89 
18.19 
20.<^ 
21.^7 


6 
7 
8 
9 


;22.30 
23.48 
24.55 
25.58 


22.92 
24.18 
25.23 
26.24 



The writer p^refer^ to apply a formula In all cases rather 
than use tables^ as shafting is nearly always 1/16 Inch less 
In diameter than the sizes quoted. Thd following tables 
are made up from the formu!8& first given In this chapter. 
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Horsepower Transmitted by Turned Jron Shafting 
As Prime Mover or Head Shaft Well Supported by 



• 


Revolutions per Minute 


Q 


60 


80 


100 


125 


150 


175' 


200 j 775 


250 


275 


300 


Ins. 


h.p. 


b. p. 


h.p. 


h.p. 


h.p. 


h.Pv- 


h.p. 


h.p. 


h.p. 


h.p. 


h.p. 


1% 


2.6 


3.4 


4.3 


5.4 


6.4 


7.5 


8.6 


9.7 


10.7 


11.8 


12.9 


2 


3.8 


5.1 


6.4 


8 


9.6 


11.2 


12.8 


14.4 


16 


17.6 


19.2 


2^ 


5.4 


7.3 


' 8.1 


10 


12 


14 


16 


18 


20 


22 


24 


2^ 


7.5 


10 


12.5 


15 


18 


22 


25 


28 


31 


M 


37 


2% 


10 


13 


16 


20 


24 


28 


82 


36 


40 


U 


48 


3 


18 


17 


20 


25 


80 


35 


40 


45 . 


60. 


55 


60 


3% 


16 


22 


27 


84 


40 


47 


54 


61. 


67 


74 


81 


8% 


20 


27 


84 


42 


51 


69 


68 


76 


,8S 


98 


102 


3% 


25 


38 


42 


52 


68 


73 


84 


94 


105 


115 


126 


4 


30 


41 


61 


64 


76 


89 


102 


115 


127 


140 


158 


4^ 


43 


58 


72 


90 


108 


126 


144 


162 


180 


198 


216 


5 


60 


80 


100 


125 


150 


175 


200 


225 


250 


275 


300 


5H 


80 


106 

1 1 


183 


166 


199 


238 


266 


299 


838 


866 


400 



Approximate Centers of Bearings for Wrought troii Line 
Shafts Carrying a Fair Proportion of Pulleys 



Shaft, Diameter Inches 


IH 
7 


iH 


2 
8 


2% 


2^4 
9 


2H 
9/1 


3 
10- 


11 


4 
12 


4H 


c. to c. Bearings— Feet 


7H 


13 


Shaft, Diameter Inches. «... 


5 


5« 


6 
15 


15H 


7 
16 


7H 
17 


8 
18 


9 
19 


10 


c. to c. Bearings— Feet. ..... 


1S% 




14 


20 



Horsepower Transmitted by Cold-rolled Iron Shafting 
As Prime Mover or Head Shaft Well Supported by Bearings 



g 


Revolutions per Minute 




fO 


80 [ 100 


125 


150 


175 


200 


. 225 250 


275 


300 


Ins. 


h.p. 


h.p. h.p. 


h.p. 


h.p. 


h.p. 


h.p. 


h.p. 


h.p. 


h.p. 


h.p. 


1V& 


2.7 


3.6 


4.5 


5.6 


6.7 


7.9 


9.0 


10 


11 


12 


18 


1% 


4.3 


5.6 


7.1 


8.9 


10.6 


12.4 


14.2 


16 


18 


19 


21 


2 


6.4 


8.5 


10.7 


18 


16 


19 


21 


24 


26 


29 


82 


2% 


9 


12 


15 


19 


23 


26 


80 


34 


88 


42 


46 


v^ 


12 


17 


21 


26 


31 


86 


41 


47 


62 


67 


62 


2% 


16 


22 


27 


35 


41 


48 


65 


62 


70 


76 


82 


3 


21 


29 


36 


45 


54 


63 


72 


81 


90 


98 


108 


8^ 


27 


86 


45 


67 


68 


80 


91 


103 


U4 


126 


136 


8V6- 


84 


45 


57 


71 


86 


1,00 


114 


129 


142 


167 


172 


3% 


42 


66 


70 


87 


105 


123 


140 


168 


174 


198 


210 


4 . 


51 


69 


85 


106 


128 


149 


Hi 


192 
278 


212 


244 


266 


4% 


78 


97 


121 


151 


182 


212 


302 


883 


364 



^^ 
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Revolutions of Wheels f^er Minute and Per Second at 

Various -Speods 



. — ■ . : : ; --T ■ 

Wheels 


- 


For Revolu- 


For Revolu- 


' 




tloos per 


tions per 








Minute 


Second 


Diaini^ter 


Chfcnmference 


ReTolutions 
per Mile 


Multiply Miles 


Multiply Miles 
per Hour by 


in Inches 


, . in' Feet ' 


per Hour by 

• 


18 


4.712 


1119.76 


18.66 


.3110 


30 


5.236 


1008.4 


16.81 


.2801 


22 


5.759 


916.8 


15.28 


.2547 


24 : 


6.283 


838.4 


13.97 


.2329 


26 


6.81 


775.3 


12.92 


.2153 


28 • 


7.36 


720.3 


12.00 


.2000 


30 . 


7.85 


672.6 


11.21 


.1868 


32 


8.377 


630.3 
611.1 


10.50 


.1751 


33 


8.64 


10.18 


.1696 


34 ; 


8.901 


593.2 


9.89 


.1648 


36 ; 


9.42 


560.5 


9.34 


.1556 


37 


9.686 


545. 1 


9.09 


.1514 


48 


9.9S 


530.6 


8.84 


.1440 


40 


10.47 


504.2 


8.40 


.1401 


42 


- 11.00 


480.0 


8.00 


.1363 


44 


11.52 


4.58.3 


7.64 


.1273 


46 


12.04 


438.5 . 


7.31 


.1218 


48- 


12.57 


420.0 


7.00 


.1166 


$0 


13.00 


403.4 


6.72 


.1120 


52 


13.61 


337.9 


6.46 


.1073 


54 


14.14 


373.4 


6.22 


.1033 


56 


14.66 


360.2 


6.00 . 


.1000 


58 


15.18 


347.8 


5.79 


.0965 


' 60 


15.71 


336.1 


5.60 


.0933 


62 


16.23 


325.3 


5.42 


.0903 


64 


16.75 


315.2 


5.25 


.0875 


6« 


17.28 


305.5 


S.09 


.0848 


fo 


17.80 


296.6 


4.94 


.082: 


18.36 


288.1 


4.80 


.0798 


72 


, 18.85 


280.1 


4.67 


.0778 


78 


20.42 


258.6 


4.31 


.0718 


84 


21.99 


240.1 


4.00 


.0666 


90 


23.56 


224.1 


3.73 


.0622 . 


96 


25.16 


210.i 


3.50 


.0586 



Bearings— Ratio of Length to Diameter: 



iType of Bearing 


Length 




- Diameter 




Marine engi....... {^ZtV 


1-1.5 
1—1.5 . 




(Main journals 

' Stationary engines j Crank pins 

( Crosshead pins 


1.5-2.5 
1— 
1-1.5 




HieavT'shaftinfiT with fixed beftriiiffs 


2—3 








Ordinary shaf tins'— self -adjusting bearings 


3-4 








Generator bearings 


3 , 
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Friction: There are two main divisions under the head- 
ins of friction: 

A. Friction of rest, occurring when a body to about to 
start. 

B. Fricjtion of motion, less than the friction of rest and 
occurring when two bodies are in relative motion. This 
kind of friction consists of 

1. Sliding fi-fction: 

(a) Bodies sliding on a surface. 

(b) Axles or ioumals revolving in boxes. 

(c) Pivots turning on Bteps. 

2. Rolling friction: . 

(a) One body rolling on a plaii&. 

(b) One body rolling on another not plane. 
a = angle of Inclination of plane. 

<t> — angle of friction. 

= arc of contact of Journal. 

/3 = inclinati6n of force with plane. 
N = normal force on a plane, 
f = coefficient of friction, 
r = radius of Journal. 

1 = length of Journal, 
n = r. p. m. 

V = velocity of rubbing surface In feet per min. 
p = intensity of pressure per sq. In. 
P = total pressure. 
W = weight of body. 

USEFUL FORMUL>E FOR UNIFORIVI MOTION 

On a Plane: 

Force of friction 

F = f N — N tan a = N tan 

Coefficient of friction 

f = tan a = tan = V W» — N« -t- N 

Loose-fitting Journal: 
Weight on Journal (squared) 

W = N" + F« = N» (1 + f ) = F» (1 + P) -7- f« 
Work of friction per min. 



U = FV — 2irnrWsin0= 2t nrfW -r- V 1 + f* 



ANQULA*R VELOCITY 

The number of degrees per. second through which a body 
revolves about a center. 

tv = 2 IT n. 

where 

IV = angular velocity. 

n = revolutions per second. 
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Perfectly-fitting Journal: g 

Pressure per sq. in. 

p = 0.64 W cos^ ^Ir 
'Maxlnnira pressure per sq. in. 

pm = 0.64W -- Ir 
■ Total force of friction 

F = fP,= 1.27 fW 
Work of friction per minute . 

U — FV — 1.27 fWV = 2.54 rfnrW 



Then 



CENTRIFUGAL FORCE 

.1 

F = centrifugal force in pounds. 
W = weight in pounds. 
V = velocity in feet per second, 
r = radius of circle In feet. 
n == revolutions per minute. 

_. Wrn^ 

~ 2933 
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TIPLES. DECIMALS OF AN INCH, AREAS 
AND CIRCUMFERENCES OF CIRCLES, 
LOGARITHMS. TRIGONOMETRIC FUNC- 
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ROOTS. CUBE ROOTS AND RECIPROCALS 
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WEIGHTS AND MEASURES 

Troy Weight: 24 grains = 1 pwt.; 20 pwts. = 1 ounce; 12 
ounces = 1 pound. ■ Used for weighing gold, sUver, and 
JeTvrels. 

Apothecaries' Weight: 20 grains = 1 scruple; S scruples 
= 1 dram, 8 drams = 1 ounce; 12 ounces = 1 i)0und. The 
ounce and pound in this are th& same as in Troy Weight. 

Avoirdupois Weight: 27 11-32 grains = 1 dram; 16 drams 
= 1 ounce; 16 ounces = 1 pound; 100 pounds = 1 cwt.; 2,000 
pounds = 1 short ton; 2,240 pounds == 1 long ton. 

1 oz, TrQy = 480 gr.; 1 oz. Av. = 437H gr.; 1 lb. Troy = 
5,760 gr. ; 1 lb. Av. = 7,000 gr. 

Dry Measure: 2 pints = 1 quart; 8 quarts = 1 peck; 4 
pecks = 1 busheL 

Liquid Measure: 4 gills = I pint; 2 pints = 1 quart; 4 
quarts = 1 gallon; 31% gallons = 1 barrel; 2 barrels = 1 hogs- 
head. Barrels and hogsheads vary in si^e. 

Time Measure: 60 seconds = 1 minute; 60 minutes =1 
hour; 24 hours = 1 day; 7 da^s =t 1 week. 28, 29, 80 or 81 
days = 1 calendar month (SO) days = 1 month in computing 
interest); 365 days =;= 1 year; 366 dayfi=i leap year. 

Circular Measure: 60 seconds = 1 minute; 60 minutes = 1 
degree; 30 degrees = 1 slgt^; 90 degrees = 1 quadrant; 4 
quadrants = 12 signs, or 360 degrees = 1 circle. 

Long Measure: 12 inches = 1 foot; 3 f eet = 1 yard; 5H 
yards = 1 rod; 40 rods = 1 furlong; 8 furlongs = 1 stat. mile; 

3 miles = 1 league. . - 

Mariners' Measure: 6 feet = 1 fathom; 120 fathoms = 1 
cable length; 7% cable lengths = 1 mile; 5,280 f eet = 1 stat. 
mil6; 6,085 feet = 1 naut. mile. 

Miscellaneous: 4 inches = 1 hand; 18 inches = 1 cubit; 21.8 
inches = 1 Bible cubit; 2% f eet = 1 military pace. 

Square Measure: 144 sq. inches = 1 sq. foot; 9 sq. feet = l' 
square yard; 30% sq. yards = 1 sq. rod; 40 sq. rods = 1 rood; 

4 roods = 1 acre; 640 acres = 1 sq. mile. 

Surveyors' Measure: 7.92 inches = 1 link; 25 links = 1 rod; 
4 rods = 1 chain; 10 sq. chains br 160 sq, rods = 1 acre; 640 
acres = 1 sq. mile or section ; 36 sq. miles (6 miles square) =' 
1 township. 

Cubic Measure: 1,728 cubic inches = 1 cubic foot; 27 cubic 
feet = l cubic yard; 2,150.42 -cubic inches = 1 standard 
bushel; 231 cubic inches = 1 standard gallon; 1 cubic foot 
== about four- fifths of a bushel; 128 cubic feet=:l cord 
(wood); 40. cubic feet = 1 ton (shipping). 

Metric Equivalents: Linear — 1 centimeter == 0.8987 inches; 
1 decimeter = 3.937 inches = 0.328 ft.; 1 meter = 39.37 inches 
= 1.0936 yards; 1 dekameter ==1.9884 rods; 1 kilometers 
0.62187 mile. 

Square — ^1 sq. centimeter = 0.1550 sq. in.; 1 sq. decimeter = 
0.1076 sq. ft.; 1 sq. meter = 1.196 sq. yds.; 1 are 3= 3,954 sq. 
rds.; 1 hektar = 2.47 acres; 1 sq. kilometer = 0.386 sq. mile. 

Volume — 1 cubic centimeter = 0.061 cubic in.; 1 cubic deci-, 
meter = 0.0353 cubic ft. ; 1 cubic meter, 1 ster = 1.808 cubic 
yds., 0.2759 cd.; 1 liter = 0.908 qt. dry. 1.0567 tfts. lla.; 1 
aekaliter = 2.6417 gals., .135 peck; X hektoliter = ^.8875 >US, 
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Weights: 1 grkni = 0.63527 ounce;"! kilogram = 2.2046 lbs.; 
l2znetp}Q^:tpi; = 1.1023 ElDglisjti tons. . j .f; .. v ,. 

'' Approximate Metrte lEquivalents: 1 decimeter = 4 inches: 
1 meter = 1.1 yards; 1 kilometer =% of mile; 1 hektar=t^H 
acres; 1 ster, or cubic meter = % of a cord; 1 liter = 1.06 
qts. liquid," 0.9 at. dry; 1 hektollter=2% bushelis; 1 klloarram 
=: 2 1-5 Ibsv; 1 metric ton = 2,200 lbs. 

THE METRIC SYSTEM 

.TJae metric system is used in sOientific work in all coun- 
tries, and in business by all civilized nations except the 
English-speaking peoples. ' • . 

'^ The meter is th« base of the system, being (neal^) .cdie 
ten -millionth of the distance from the equator to' the polew 

A, gram is the iWeight of.ja cube of water, at lt3 greatest 
density, having, an edge of .01 met^r. . , 

A liter is the contents of a cube having an edge of .1 
meter. ... 

•Are* 100 sq. .meters; ' and stere, 1 cu; meter, are : seldom 
us^d. ' ■ ■ ' ■ 

The prefixes used with the units of measure sigrilfy as 
follows: . .;.-'-• 

MikjnO',.. .000001 Deka ..............,.*.. 10 

Milli f.,. .001 Hekto ..',. 100 

Centi 01 Kilo 1,000 

Deci •»'..::. .".....^ .1 Myrla' .;-.........,,.-. 10,000 

Table of Length 

1' mikron , ..,..,.=; .000001 of a ineter 

1 .millimeter (mm) ..,..♦ ;...,= .001 of a meter 

1 centimeter (cm) = .01 o^ajmeter 

1 decimeter (dm) = .1 of a meter 

, . ^ Meter (m) . : 

1. dekameter . ., ., = 10 metefr 

1 hektometer , ■ :'. — 100 misters 

1 "kilometer , '. = 1,000 meters. 

1 myriameter : '. = 10,000 meters 

-. Table, of Square Measure 

1 sq. millimeter . , . r. . ; = .000001 of a. sq. meter 

1 sq. centimeter = .0001 of asq.nieter 

1 sq. decimeter . , = .01 . of a,sq.. met^r 

Square meter 

1 sq. dekameter ' (are) . : , = 100 sq. metei^ 

r sq. hektometer (hektare) = 10,000 sq. -meters 

1 sq. kilometer = 1,000,000 sq. meters 

1 sq. myriameter = lj>0,000,000 sq. mjBters 

Tabl^'. of Cubic Measg're 

1 cu. millimeter = .000000001 of a cu. meter 

1 cu. . centimeter :..... =:: .000001 of a cu. rpeter 

l.cu. deeimeter . • ■ ' ^ . -•• • i . . .-^,.001 ., ■ of a cu» meter, 

Cubic meter (stere) 

1 cu. dekameter =t 1,000 cu. meters 

1 cu. hektometer ...... ,.:... = 1,000,000 ctt meters 

1 qiju kilometer .,..:., , = 1,000,000,000 en. meters 

1 cu. niyriameter = 1,000,000,000,000 cu. meters 
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1 mikrogfam 

1 milligram (mg)' 
1 centigram (eg) 
1 decigram (dg) . 



TaJpJe of Weight 



Gram (g) 



.000001 6f a gram 
.001 of a gram 
.01 of a gram 
. 1 of a gram 



1 dekagram , = 10 grams 

1 hektogram , — 100 grams 

1 kilogram (kg) = J,000 grams 

1 myriae^am , ;.,.,= 10,000 grams 

1 quintal (q) = 100,000 grams 

1 metric ton (t) ;= 1,000,000 grams 

A . metric ton is the weight of one cubic meter of water. 

A klldgrram is the weight of one liter of water. . . . 



Table of Capacity 



1. mlkrollter .... 

1 milliliter (mi) 
1 centiliter ...... 

1 deciliter 



1 dekaliter. 



Liiter (1) 
10 liters 1 hektoliter. 



.=t;000001of aliter 
= .001 of a liter 
= .01 of a liter 

. = .1 of a liter 



= 100 liters 



SPECIFIC GRAVITIES AND WEIGHTS OF VARIOUS 

SUBSTANCES 



The $asis for Specific Gravities is Pure Water 

at 62 Degrees Fah., Barometer 30 inches 

Weight oi One Cubic Foot. 62.355 Pounds 



Average 
Specific ! 
Gravity 
Water=t ■ 



Average 
Weight of 
ICu. Ft. 

Pounds ■ 



Air, atmospheric at 60 degrees F., under 
pressure of one atmosphere,- or 14.7 
potmds per square inch, weighs l-^15th 
as much as water. i 

Atuniinum ^ . ^ .>.... . 

Anthracite, 1.8 to 1.84; of Penn., 1.3 to 
1.7 ;....;...,.. s 

Anthracite, broken, of any size, loose... 

Anthracite, -broken* moderately shaken. 

Anthraclite, broken, heaped bushel, loose, 
77 to 83 pounds. 

Anthracite, broken, a ton loose occupies 
40 to 43 cubic feet , 

Antimony, cast 

Antimony, native 

Ash, . perfectly dry (see note) ...... . . 

Ash, American white dry (see note).... 

Ashes of soft coal, solidly packed. 

Asphaltum, 1 to 1.8 

Srass (copper and zinc) cast 7.* to 8.4.. 

Brass, rolled : '. , 

Brick, best pressed . : ■ 

Bricks common and hard .... 

Brick, soft inferior . . .' 



.00123 
2.6 

1.5 



9 9 • • • 



6.70 
6.«7 
.762 
.61 



1;4 
8.1 
8.4 



.0765 
162 

93.5 

52—56 

56—60 



418 

4ie 

47 

S8 . 

40-^45 

87.3 
B04 
524 
150' 
125 
100 



N6t(&*-^Green ttmlJers Usually weigh from one-»flfth to nearly 
one-half more t^anf dry; ordinary. building .timbers, tolerably 
seasoned, one -sixth more. 
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SPECIFIC GRAVITIES AND WEIGHTS OF VARIOUS 

SUBSTANCES— Continued 



The Basis for Specific Gravities is Pure Water 

at 62 Degrees Fah., Barometer 30 Inches 

Weight of One Cubic Foot. 62.355 Pounds 



Average 

Specific 

Gravity 

Water =1 



Average 

Weight 

1 Cu. Ft. 

Pounds 



Brick work, pressed brick^ fine joints 

** medium quality 

** coarse, inferior, soft 

•* at 125 pounds per cubic foot, 1 

cubic yard equals 1«507 tons, and 
17.92 cubic leet equal 1 ton..«. 

Bronze, copper 8, tin 1 (gun metal) 

Cement, hydraulic, American, Rosendale, ground 

and loose ,.. 

" hydraulic, American, Rosendale, U. S. 

struck bush, 70 pounds 

*• hydraulic, American, Rosendale, Louis- 
ville bushel 62 pounds 

hydraulic, American, Cumberland, 

ground, loose 

hydraulic, American,' Cumberland, 

ground, thoroughly shaken 

hydraulic, English Portland (U. S. 

struck bushel 100 to 128) 

hydraulic, English Portland, a barrel 

400 to 430 poundis'.\ » 

" hydraulic, Ameri^ap Portland, loose.. 
" hydraulic, American Portland, thor- 
oughly shaken 

Charcoal of pines and oaks 

Chalk 



«< 



(( 



t* 



it 



8.5 



140 
125 
100 



329 
56 



<« 



4< 



Cherry, perfectly dry (see note) , . . . . 

Chestnut, perfectly dry (see note) 

Clay, potters', dry, 1.8 to 2.1 ... i » 

" dry in lump, loose 

Coal, bituminous, solid, 1.2 to 1.5 

solid, Cambria Co., Pa., 1.27- 

1.34 

broken, of any size, loose.... 

" " moderately shaken , 

*' " a heaped bushel, loose^ 70 

to 7S 

" " 1 ton occupies 43 to 48 cubic 

feet 

Coke, loose, good quality. 

** loose, a heaped bushel, 35 to 42 

" 1 ton occupies 80 to 97 cubic feet 

Cdrundum, pure, 3.8 to 4 

Copper, cast, 8.6 to 8.8 , 

rolled. 8.8 to 9 

8ork, dry (see note) 
ypress,- American (see note) 

Earth, common loam, perfectly dry, loose 

perfectly dry, shaken . . 
perfectly dry, rammed., 
slightly moist. loose. . . . 

mote moist, loose 

more moist, shaken 



<( 

44 



(I 



2.5 
.672 
.660 

1»9 



1.35 



3.9 
8.7 
8.9 
.24 

.55 



65 
85 
81—102 



88 

110 

15—30 
156 

42 

41 
1 19 

63 . 

84 

79—84 
47—52 
51-n56 



23—32 



542 

555 
15 
64 

72—80 
82— 92f 
90—100 
70—76 
66—68 
75—90 



NoTB — Green timbers usually weigh from one-fifth to nearly one- 
half more than dry; ordinary building timbers, tolerably seasoned, 
one-sixth more. 
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SPECIFIC ORAVITIES AND WEIGHTS OP VARIOUS 

8U BSTANCES-^Continued 



Tb? B^sis for Specific Gravities is Pure Water 

at 62 Degrees Fah.. Barometer 30 Inches 

Weigrht of One Cubic Foot, 62.3S5 Pounds 



Average 

Specific 

Gravity 

Water =:t 



Average 

Wei^t 

1 Cu. Ft. 

Pounds 



£arth, common loam, more moist, packed.... 
** ** as soft flowing mad .... 

" ** as soft flowing mud well 

pressed 

Elm, perfectly dry (see note) 

Flint \ ■ ^, 

Glass, 2.5 to 3.45 

** ' Oonmion window -. . . 

Gneiss,, common, 2.62 to 2.76. . . . ; 

" ' in loose piles 

Gold, cast, pure or 24 karat 

*' pure, hammered 

Granite, 2.56 to 2.8& 

Greenstone, trap, 2.$ to 3.2. 

Gypsum, plaster of Paris, 2.24 to 2.30 

Hemlock, perfectly dry (see note) •. . 

Hickory, perfectly dry (see note) 

Ite, .917 to .922 ., 

Iron, c^st, 6.9 to 7.4 < 

" gray foundry, cold i. . . 

** gray f oundry^ molten 

" -wrought 

Lead, con|imercial 

Lignum vitse • (dry) 

Limestone and marbles 

Lime, quick . ^ 

*' quick, ground, well shaken, per struck 

bushel 8D pounds 

*' quick, ground, thoroughly shaken, per 

struck bushel 93^ pounds 

Locust, -dry (see note) 

Mahogany, Spanish, dry (see note) 

** Honduras, dry (see note) 

Maple, dry (see note) 

Marbles (see Limestone) • 

Masonry of granite or limestone, well-dressed. 

" of granite, well-scabbled mortar rub' 

ble, about 1*5 of mass will be mortar 

" of granite, well-scabbled dry rubble.. 

of granite, roughly scabbled mortar 

rubble, about ^ to 1-3 of mass will 

■ be mortar » 

^f granite, soabbled «lTy rubble...... 

of sandstone, 5^ less than granite. .< 
of brickwork (see Brickwork) 

Mercury, at 32 degrees Fahr. 

Mica, 2.7S to 3.1 

Mortar, hardened, 1.4 to 1.9 

Mud, dry, close ...'..:'. : . . . . 

" wet, moderately pressed. 

" wet, fluid 

Oak, live, perfectly dry, .88—1.02 (see note).. 



«' 



« 



it 



.56' 
2.6 
2.98 
2.52 
2.69 



19.258 
19.5 
2.72 
3.00 
2.27 
.4 
.85 
.92 
7.15 
7.21 
6.94 
7.69 
11.38 
.65—1.33 
2.6 
1.5 



.71 
.85 
.56 
...79 



13.62 
2.93 
1.65 



.95 



90—100 
104^112 

110^120 

35 
162 
186 
157 
168 

96 

1204 

1217 

170 

187 

141.6 

25 

53 

57.4 
446 
450 
433 
480 
709:6 

41—83 
164 ;4' ■ 

95 

64 

75 
44 
53 
35 
49 

165 

1.S4 
138 



150 
125 



849 
183 
103 
'.80—110 

no^i3o 

104—120 
59.3 



Note — Green timbers usuallv weigh from one-fifth to nearly one- 
half more than dry; ordinary building timbers, tolerably seasoned, 
one-sixth more. 
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SPECIFIC GRAVITIES, AND WEIGHTS OF VARIOUS 

SUBSTANCES— Continued 



The Basis for Specific Gravities' is Pure Water 

at 62 Decrees Fah., Barometer 30 Inches. 

Weight of One Cubic Foot, 62.355 Pounds 



Average 
Speciftc 
Gravity 



Water =1 1 Poun4s 



Average 

Weight 

1 Cu. Ft. 



Oak, white, perfectly dry, .66 to .88 (sec note) 

" red, black, perfectly dry. <„,..,. 

Peftroleum 

Pine, white, perfectly dry,.. 35 .to .45 (see note 
below) 



<« 



«( 



yellow. Northern, perfectly dry, .48 to 
.62 (see note below) 



ycHow, Southern, perfectly dry, ,64 to .8 

(see note below) 

Pitch.. 

Poplar; dry (see note below) * . . 

Platinum , 

guarta: . •. » 
osin' * . , ^ •. , 

Salt, coarse (per struck bushel, Syracuse, N. Y., 

56 pouhos) ....*..,.. 

Sand, of pure quartz, perfectly dry and loose.. 

** V. voids full of water 

'" ■ " very large and small 

grains, dry . . . . » 

Sandstone, 2.1 to 2.73, .131 to 171 

** quarried and piled, 1 measure solid 

makes 1^ (about) piled.. 

SnOWf fresh fallen ; 

" . moistened, compacted by rain 

Sycamore, perfectly dry (sec note below),... 

Shales, red or black,, 2.4 to 2.8 

Silver 

Slate, 2.7 to 2.9 

Soapstone, 2.65 to 2.8 

Spruce, perfectly dry (see note below) 

Steel . » , . . 

Sulphur . . . ; .* ..^ 

Tallow 

Tar . 

Tin. cast, 7.2 to 7.5........ 

Walnut, black, perfectly dry (see note below) . 
Water, pure ram, distilled, at 32 degrees F., 

Bar. 30 inches 

" pure rain, distilled, *t 62 degrees F., 

Bar. 30 inches 

** pure rain, distilled, at 212 degrees F., 

Bar. 30 inches 

^ea, 1.026 to 1.030 

Zinc or spelt-^r, 6.8 to 7.2 i 



,77 

"His 

-40 
.55 

.72 

1.15 
.47 

21.5 
2.65 
1.10. 



2.41 



..««...*, 



48 

32*M5 

54.8 

. 25 ;' 

34.3 

•;45 

71.7 

29 

1342 . 

165: 

r 68;.6 

45 

90:-106 
U8— 129 

'll7 • 
151 



i ''J 



.59 
2.6 
10. 5 
2.8 
2.73 

.4 
7,85 
2.00 

.94 
1. 
7.35 

.61 



»»•..» 



7.00 



, 5—12 

15-rSO 

37 
162 
655 
175 
170 

2S . 
490 
125 

58.6; 

62,355/ 
459 

38 

■ r 

62.417 
62.355 

59:7 
64.08 
437.5 



Note — Green timbers usually weigh frcfm one-fifth to nearly one- 
half more than dry; ordinary building timbers, tolerably seasoned, 
one-sixth more. 
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WEIGHT OF WATER IN POUNDS PER CUBIC FOOTlATr 
DIFFERENT TEMPERATURES. 
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USEFUL TABLES 

Equivalent Value of Unite 

nr.p.v-=; 746 %al;f«.» ' A . . " v . . , 

.746 kilovfatts. - . , 

3ff,000 ft. -lbs. per minute. ^ 

.. 550 ft. -lbs. per second. 

2,545 heat-units per hour. 
42.4 heat-units per minute. 
.707 heat-unit per second. 

2.64 lbs. water evaporated per hour from and 
at 212* F. 

1 l^.p.-hr.— .746 kw.-hrs. 1. 

1,980,000 ft.-lbs. 
2.545 heat-units. 

2.64 lbs. water evaporated from and at 212t F. 
17.0 lbs. water raised from 62"* to 212® F. ' 

1 "Watt — 1 joule per second. 
.00134 h.p. 

3,412 heat-units per hour. 
.7373 ft-lU per second. 
.0035 lb. water evaporated per hour. 
44.24 ft. -lbs. per minute. 

1 Kw.— 1,000 watts. I 

1.34 h.p. ' 

2,654,200 ft.-lbs. per hour. 
44,250 ft.-lbs. per minute. 
737.8 ft. -lbs. per second. 
3,412 heat-units per hour. 
56.9 heat-units per minute. 
.948 heat-unit per second. 

3.68 lbs. water evaporated per hour from and 
at 212" F. 

1 fcw.-hr.— 1,000 watt-hours. 
1.34 h.p. -hours. 
2,654,200 ft. -lbs. 
3,600,000 Joules. 
3,412 heat-units. 

3.53 lbs. water evaporated from and at 212^ F. 
22.75 lbs. of water raised from 62* to 212* F. 

1 Heat-unit — ^1,055 watt seconds. 
778 ft. lbs. 

107.6 kilogram meters. 
.000293 kw.-hrs. 
.000893 h.p.-hr. 
.001036 lb. water evaporated ffom and at 212* F. 

1 Heat-unit .122 watts per sq. in. 

per sq. ft. .0176 kw. per sq. ft. 

per minute — 0-236 h.p. per sq. ft. 

1 Joule — 1 watt second. 

.000000278 kw.-hr. 
.0009477 heat-units. 
.7373 ft. -lb. 

1 ft. -lb.— 1.856 Joules. 

.000000377 Kw.-hrs. 
.001286 heat-units. 
.0000005 h.p. -hour. 



^ 



TABLES 2»3 

H ' 'TABL.B OF MULTIPLES . 

Diameter of a circle X 8.1416 = Circumference. 

Radius ot a circle X 6.283185 = Circumference. 

Square of the radius of a circle X 8.1416 = Area. 

Square of the diameter of a circle X 0.7854 = Area. 

Square of the circumference of a circle X 0.07958 = Area. 

Half the circumference of a circle X half Its diameter = 
Area. 

Circumference of a circle X 0.159155 =3 Radius. 

Square root Of the .area of a circle X 0.56419 = Radius. 

Circumference of a circle X 0.31831 = Diameter. 

Square root Of the area of a circle X 1.12838 = Diameter. 

Diameter of a circle x 0.86 = Side of inscribed equilateral 
triangle. 

Diameter of a circle X 0.7071 = Side of an inscribed square. 

Circumference of a circle X 0.225 = Side of. an inscribed 
square. 

Circumferenbe of a circle X 0.282 = Side Of an equal square. 

Diameter of a circle X 0.8862 = Side of an equal square. 

Base of a triangle X % the altitude = Area. 

Multiplying both diameters and .7854 together =: Area of an 
ellipse. 

Surface of a sphere X 1/6 of its diameter = Solidity. 

Circumference of a sphere X its diameter = Surface. ,■< 

Squall of the diameter of a sphere X 3.1416 = Surface. 

Square of the circumference of a sphere X 6.3183 = Surface. 

Cube of :the diameter of a sphere X 0.5236 = Solidity. 

Cube of the radius of a sphere X 4.1888 = Solidity. . 

Cube of the circumference of a sphere X 0.016887 = golidity. 

Square root of the surface of a sphere X 0.56419 = Diameter^ 

Square foot of the surface of a sphere X 1.772454 = Circum- 
ference. 

Cube root of the solidity of a sphere X 1.2407 = Diameter. 

Cube root of the solidity of a sphere X '3.8978 = Circum- 
ference. 

Radius of a sphere X 1.15)17 = Side of inscribed cube. 

Square root of (1-3 of the square of) the diameter of a 
sphere = Side of inscribed cube. 

Area of its base X 1-3 of its altitude = Solidity of a cone 
or pyramid, whether round, square or triangular. 

Area of one of its sides X 6 = the surface of a cube. 

Altitude of trapezoid X ^ the sum of its parallel side^ = 
ArefL, 
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' DECIMALS ^»=^ AW IWeH 'FOH-HiW3H 1-64TH 



^ds 


Aths 


— •!■■;: ■ ■ .i 
Decimal 


Frac-" 

tion 


Ms 

' 1 


Aths ■ 


Decimal 


Frac- 

. tion 


1 
2 


'• 1 ,• 
2 
S 
4 


.015625 
.03125 
.046875 
.0625 


t 


17' 
18 


,33 
34 
35 
36 


• 
.5X5625 
.53125 
.^4«875 
.5625 


* 


3 
4 


7 
8 


.078125 
.09375 
.109375 
.125 ' 


» 


19 

. . - , 

20 


37 
.38 
39-^ 

. .-AO' 


. .578125 
159375 

• .609376 
.625 


.,%' 




9 
. 10 
11 
12 • 


.140625 
.15625 
.171875 
.1875 


A 


•■ ■( 
21 . 

• 

22 


41" 
42 
43 
44 


.640625 
.65625 
.«7i875 
.6875 


1 


7 
8 


• la 

14 
15 
16 


.203U35 
. .21875 
.2343'r6 
.25 


I 

% * 


23 
24 


45 
46 
47 
48 


.734375 
.76 


% 


9 
10 


17 
18 
19 
20 


.265625 
.28125 
.296875 
.3125 


A 


25 
26 


49 
50 
51 
52 


.766625 
.78125 
.796875 
' .8125 




1 
11 

12 


21 
22 
'23 
24 


.328125 
.34375 
.359375 
.375 


1 


27 
28 


53 . 
54 
55- 
5& 


.828125 
.84375 
' .859875 
.875 


- %. 


IS 

14 


,25 
26 

. 27 
28 


.390625 
.40625 
.421875 
.4375 


1' • ' J 


29 
30 


57 ' 
-68 
59 
60 


.^90625' 
; 90625 
.921875 
.9375 




1 

15 
16 

ft 


29 

SO 

31 

•82 


. .453125 
.46875 
.484375 
.5 


^' 


31 
32 


61 ■ 
62 
63 
64 


.953125 
.96875 
.984375 
1. 


• 1 ^ 
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CIRCUMFERENCES AIVK>ARe:Aa'OF CIRCLES FRbM 

1-64th TO 42 



Diam. 



Circum. 



Area. 



Diam. 



Circum. 



Area 



.f6 



.Q49Q9 
.098 Its 
.19635 
. .3927 
,589 

.7854 

.98175 

1.1781 

1.37445 

1.S708 

1.76715 

1.9635 

2.15985 

2.3562 

2.55255 

2.7489 

2.9145^3 

3.1416 

3.5343 

3.927 

4.3197 

4.7124 

5.1051 

5.4978 

5.890$ 

^.2833 

6.6759 

7.0686 

7.4613 

7.854 . 

8.2467 

8.6394 

9.0321 

9.4248 

9.8175 

10.ai02 

10.6029 

10.9956 

n.3883 

LI. 781 

12.1737 

12.5664 

12.9591 

13.3518 

13.7445 

14.1372 

14.5299 

14.9226 

15.3153 

15.708 

16.1007 

16.4934 

16.8861 

17.2788 

17.6715 

18.0642 

18.4569 



, .000192 
.000767 
.003068 
. .012272 
.027613 
.049067 
.076699 
.110447 
. .15033 
.19635 
.248505 
.306796 
.371224 
.441787 
.518487 
.601322 
.690292 
.7854 
■ .99402 
1.2272 
1.4849 
1.7671 
: ■2.0739 
^ 2. 4053 
2.7612 
3.1416 
3.5466 
3.9761 
4.4301 
4.9087 
5.4J19 
5.9396 
6.4918 
7.0686 
. 7.6690 
8.2958 
: 8.9462 ' 
9.6211 
10.3206 
.11.0447 
i 1.7933 
12.5(564' 
13. '3641 
14.:i863 
15.033 . . 
15.9043 
16.8002 
.17.7206 
18. €655 
c 19.635 
. 20.629 
,21.6476 
' 22.6907'. 
23.7583 
24.8505 
25.9673 
27.1086 



18.8496 

19.2423 

19.635 

20.0277 

20.4204 

20.8131 

21.2058 

21.5985 

21.9912 

22.3839 

22.7766 

23.1693 

23.562 

23.9547 

24.3474 

24.7401 

25.1328 

25.3255 

25.9182 

26.3109 

26.7036 

27.0963 

27AS9 

. 27.8817 
28.2744. 
5IB.6671 
29.0598 
29.4525 
29.8452 
30.2379 
30.6306 
31.0233 
31.416 

.'3,1.8087 
32.2014 
32.3941; 
32.9868 
33.3795 
33.7722- 
34.1649^ 
34.5576 
34.9503^ 
35.343. 
35.7357 
36.1284 
36.3211 
36.9138 

X 37.3065 
37.6992 
38.0919 
58.4846 
38.^773 
39.^7 
39.6627 
40.0554 
40.4481 
40.8408 



28.2744 
29.4648 
30.6797 
31.9191 
33.1831 
34.4717 
35.7848 
37.1224 ■ 
38.4846 
39.8713 
41 .2826 
42.7184 
44,1787 
45.6636 
.47.1731 
48.7071 
.50.2(556 
51.8487 
53.4563- 
55.0884 
56J745J 
58.4264 
60.1322 
61.8625 
63.6J74 
.65.3968 
'67.2008 
69-0293 
70,8823 
72.7599 
74.6621. 
76.5888 
78.54 
80.5158 
82.5161 
84.5409 
86.5903 
88.6643 
90.7628. 
92.8858 
95.0334 
97.2053 
99.4022 
101.6334 
103.8691 
106.1394 
108,4343 
110.7537 
113.098 
115.466 
117,859l 
120.277 
122:719 
125. 1«5. 
127.677 '" 
130 -192. 
'132.733 
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PROPERTIES OF LOGARITHMS 

The exponent of the ^ower to which a fixed number, 
called the Base, must be raised in order to produce a g^ven 
number Is called the Logarithm of the given number. 

When 10 is .the base, the logarithm of 100 is 2, for 100 = 
10»; the logarithm of 1000 is 3, for 1000 = 10». 

Any number except imity may be used |us the base of a 
system of logarithms, but 10 is the base of the Common or 
Brlggs system. 

Another or modified system Is frequently employed in the 
mathematics and la known as the Nat|jral, Hyperbolic or 
Napierian system. The base of this system is 2.7183, desig- 
nated as "e." 

The following relation holds between the Common . and 
Napierian systems: 

loge X = 2.3026 logio x 

The integral part of a logarithm is called the Oharadter- 
Istic; the fractional or decimal part, the Maritissa. 

The characteristic of the logarithm of a number greater 
than 1 is positive and 1 less than the number of digits in its 
integral part. 

Thus, log 4680 = 3.6609 
That Is, 4580 = lO"-"®* 

The chf^racteristic of the logarithm of a decimal is nega- 
tive and numerically 1 greater thdn the number of ciphers 
immediately following the decimal point. 

Thus, log .00458 = 3.6609 

' That i8, .00458 = lO"" + .6609 

To avoid writing a negative characteristic before a posi- 
tive mdntissa, it is customary to add 10 to the characteristic 
and Indicate that this number is to be subtracted from the 
whole logarithm. 

Thus log .00458 = 8.6609 = 7.6609 — 10 

(1) The logarithm of the product of any number of factors 
is equal to the sum of . the logarithms of the individual 
factors. 

log MN = log M + log N 

(2) The logarithm of the quotient of any two numbers is 
equal to the logarithm of the numerator diminished by the 
logarithm of the denominator. 

M 

log — = log M — log N 

N 

(3) The logarithm of the r*^ power of a number is equal to r times 
the logaritbm of the number. 

log M^ =, r log M. 
(4) . The logarithm of the r**^ root of a nunibor is equaj toj;^ of thfe 



ogarlthm of the number. 

, • ^ 1 , 

logV M =— logM. 
- - .1 - 



fth 
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LOGARITHMS OF NUMBERS, FfHOM Q TO 1000 



No. 



8 




10 
11 
12 

13 
i^ 

IS 
16 
17 

13 
19 

20 

24 
22 
23 
24 

2S 
26 
27 

2S 
29 

30 
91 
32 
33 
3^4 

35 
36 
37 
38 
39 

40 
41 
43 
43 
44 

45 
46 
47 
48 
49 

SO 
51 
52 
53 
54 




00000 
04139 
07918 
U394 
H613 

17609 
20412 
23045 
25527 

2787 S 

30103 
32222 
34242 
361 73 
38021 

39794 
41497 
43136 
44716 
46240 

47712 
49] 36 
505 15 
51851 
53148 

54407- 
55630 
56820 
57978 
59106 

60206 
61278 
6232S 
63347 
64345 

65321 
66276 
67210 
68124 
69020 

69897 
70757 
71600 
72428 
173239 



00000 
00432 
04532 
08278 
1 1-727 
14921 

17897 

20682 
23299 
25767 
28103 

30319 
3'2428 
34439 
36361 
38201 

399*67 

41664 
43296 
44870 
46389 

478S6 
49276 
50650 
51982 
.53275 

54530 
5575<). 
56937 
58092 
59217 

60314 
61384 
62428 
63447 
64443 

65417 
66370 
67302 
68214 
69108 

69983 
70842 
71683 
72309 
73319 



30103 

00860 
04921 
08636 
12057 
XS228 

18184 
20951 
23552 
26007 
28330 

3.0535 
32633 
34635 
36548 
38381 

40I4Q 
41830 
43.456 
45024 
46538 

4BO0Q 
49415 
50785 
52113 
53402 

54654 
55870 
57054 
58206 
59328 

6042^ 
61489 
62531 
63^548 
64542 

'65^13 
66464 
67394 
68304 
69196 

7O07O 
70927 
71767 
72591 
73399 



47712 
0J283 
05307 
0S990 
123H5 
15533 

18460 
21218 
23804 
26245 
28555 

30749 
32R38 
34^30 
36735 
38560 



69897 
701102118 
06069 
09691 
13033 
16136 



60206 

01 

05690 

09342 

12710 

15836 



4031 
41995; 

43616 
45178 
466S6 



2U048J 

421 6^ 
43775 

4533 1 
46834 



48144 
49554 
50920 
52244 
53529 

54777 
55990 
57170 
58319 
59439 

60530 
61595 
62634 
63648 
164.640 

65^09 
665 S8 
67486 
68394 
169284 

70156 
71011 
71850 
72672 
73480 



18752 
21484 
24054 
26481 
28780 

30963 
33041 
35.024 
36921 
387^9 



48287 
49693 
51054 
52374 
53655 

54900 
56110 
57287 
58433 
59549 

60638 
61700 
62736 
63749 
64738 

65705 
66651 
67577 
68484 
69372 

70243 
71096 
71933 
72754 
73559 



19033 
21748 
24303 
26717 
29003 

31175 
33243 
35218 
37106 
(38916 

40654 
42324 
'43933 
45484 
46982 

48430 
49831 
51188 
52504 
53781 

.55032 
56229 
57403 
58546 
59659 

60745 
61804 
62838 
63848 
64836 

65801 
66745 
67669 
68574 
69460 

170329 
71180 
72015 



77815 

02530 
06445 
10037 
13353 
16435 

19312 
22010 



84510 
02938 
06818 
10380 
13672 
167,31 

19590 
22271 



24551124797 
26951127184 
29225129446 



31386 
33445 
35410 
37291 
39093 

4.0824 
42^488 
44090 
45636 
47129 

48572 
49968 
51321 
52633 
53907 

55145 
56348 
S7518 
58658 
S9769 

60852 
41909 
62941 
63948 
64933 



65896165991 



66838 
67760 
68663 
69548 

70415 
71265 

72098 



31597 
33646 
35602 
37474 
39269 

40993 
43651 
44248 
45788 
47275 



^ 



48713 
501.05 
51454 
52763 
54033 

55266 
56466 
57634 
58771 
59879 

60959 
6^013 
63042 
64048 
65030 



66931 
67851 
68752 
69635 

7O50O 
71349 

i72181 
72997 



72835172916 
73639|73719|73798 



90309 
03342 
07188 
10721 
13987 
17026 

19865 
22530 
25042 
27415 
29666 

31806 
33845 
35793 
37657 
39445 

41162 
42813 
44404 
45939 
47421 



48855 
50^242 
51587 
5?891 
54157 

55388 
56584 
57749 
5^8883 
59988 

61066 
62118 
63144 
64147 
65127 



95424 
03742 
07554 
11059 
14301 
17318 

20139 
22788 
25285 
27646 
2988S 

32014 
34044 
35983 
37839 
39619 

41330 
42975 
44560 
46089 
47567^ 

48995 
5b379 
51719 
[^53020 
54282 

5SS09 
5670e 
57863 
5899S 
60097 

mi72 
62221 
63245 
64246 
65224 



70586 
71433 
72263 
73078 
73878 



66086 [66181 

67024 

67942 

68842 

6^722 



iS71l7 
68033 
68930 
69810 



70671 
71516 
/2345 
73158 
73957 
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FHOMO TO tOOO 



No. 



7- 



9 



S5 

56 
57 
58 
59 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 

85 
86 
87 
88 
89 

90 
91 
92 
93 
94 

95 
96 

97 
98 
99 



74036 
74818 
75587 
76342 
77085 

77815 
78533 
79219 
79934 
80618 

81291 
81954 
82607 
83250 
83884 

84509 
85125 
85733 
86332 
86923 

87506 
88081 
88649 
89209 
89762 

90309 
90848 
91381 
91907 
92427 

92941 
93449 
.93951 
94448 
94939 

95424 
95904 
96378 
96848 
97312 

97772 
98227 
98677 
99122 
995^3 



74115 
74896 
75663 
76417 
77158 

77887 
78604 
79309 
80002 
806|B5 

813S8 

82020 

82672 

833141 

83947 

84571 
85187 
85793 
86391 
86981 

87564 
88138 
88705 
89265 
89817 

90363 
90902 
91434 
91960 
92479 

92993 
93500 
9400.1 
94497 
94987 

95472 
95951 
96426 
96895 
97359 

97818 
98272 
98721 
99166 
99607 



74193 
74973 
75739 
76492 
77232 

77959 
70675 
7937,9 
80071 
80753 

81424 
8208S 
82736 
83378 
8401 d 

84633 
85248 
85853 
86451 
87040 

87621 
88195 
88761 
89320 
89872 

90417 
90955 
91487 
92012 
92531 

93044 
93550 
94051 
94546 
95036 

95520 
95999 
96473 
96941 
97405 

97863 
98317 
98766 
99211 
99651 



74272 
75050 
75815 
76566 
77305 

78031 
78746 
79448 
80140 
80821 

81491 
82151 
82801 
83442 
8407^ 

84695 
85309 
859 U 
86510 
87098 

87679 
88252 
88818 
89376 
89927 

90471 
91009 
91540 
92064 
92582 

9309$ 
93601 
94101 
94596 
9508S 

95568 
96047 
96520 
96988 
97451 

97909 
98362 
98811 
9925S 
99694 



74351 
7.5127 
75891 
76641 
77378 

78103 
78816 
79518 
902M 
808^ 

81557 
82216 
82866 
83505 
84136 

84757, 
85369 
85973 
86569 
87157 

87737 
88309 
88874 
89431 
89982 

90525 
91062 
91592 
92116 
92634 

93146 
93651 
94151 
94645 
95133 

95616 
96094 
96567 
97034 
97497 

97954 
98407 
98855 
99299 
99738 



74429 
75204 
75966 
76715 
773<|51 

78175 
78887 
79588 
80277 
80956 

81624 
82282 
82930 
83569 
84198 

84818 
85430 
86033 
86628 
87215 

87794 
8836^ 
88930 
89487 
90036 

90579 
91115 
91645 
92168 
92685 

93196 
93701 
94200 
94694 
95182 

■ 
t 

95664 
96142 
96614 
97081 
97543 

98000 
98452 
98900 



99782 



74$07 
75281 
76042 
767^9 
77524 

78247 
78958 
79657 
80345 
81023 

81690 
82347 
82994 
83632 
84260 

84880 
85491 
86093 
86687 
87273 

87852 
88422 
88986 
^9542 
90091 

90633 
91169 
91698 
92220 
92737 

93247 
93751 
94250 
94743 
95230 

[95712 
96189 
9666t 
97127 
97589 

9804S 
9S497 
198945 



74585 
75358 
76117 
76863 
77597 

78318 
79028 
79726 
804 U 
81090 

8175^ 
82412 
83058 
83695 
84323 

84941 
8^551 
8615^ 
86746 
8y332 



99343 99387 



9982S 



^5612 ^672 



8>909 B9966 



[88479 
89042 
89597 



90687 
91222 
91750 
92273 
92788 

93298 
93802 
94300 
^4792 
95279 

95vr60 
96236 
96708 
97174 
9763S 

98091 
92542 
198989 
99431 
99869 



74663 
75434 
76192 
76937 
77670 

78390 
79098 
79796 
80482 
81157 

81822 
82477 
8f3l23 
83758 
84385 

85003 



8^13 



74741 
,75511 
76267 
77011 
77742 

78461 
79169 
79865 
80550 
81224 

81888 
B2542 
83187 
[83821 
64447 

^064 



86272 



86805 86864 



87390 



88S36 
89098 
89652 



90145 90200 90254 



90741 
91275 
[911803 
92324 
192839 

93348 



94349 
94841 
95327 

95808 
96284 



87448 

88024 
«B592 
89153 
89707 



90794 
91328 
91855 
92376 
92890 

93399 



93852 93902 



[94398 
94890 
95376 

95856 
96331 



96754 96801 
97220 97266 
97680 97726 

98136 98181 
98587 1^632 
99033 99078 
99475 99519 
99913 99956 
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TRlj3(0NQ|}i^TRIC FUNqXIONS OF AQ.UT5 ^ANQLES 

In any right-angled triangle AMP (Fig. 1), M bieing the 
ris^t angle, with reference to the angle A let MP be denoted 
as. the opposite side, and AM the adjacent side. AP is' the 
hypotenuse.' ' • ■ . - 



Then 




sin A = 



cos A = 



Tit, I 
Opposite side MP 



tanAss 



Hypotjenuse 
Adjacent side 

Hypotenuse 
Opposite side 




cot A = 



sec A 



cosec A = 



Adjacent side 
Adjacent side AM 

Opposite side 

Hypotenuse 

« ■ " . ' ' 

Adjacent side 
Hypotenuse 



AM 


■ ( ■ 

cos, A 


AM 


cOsA 


MP 


sin A 


AP 


1 


AM 


cosA * 


AP 


1 



cot A 
1 

tai^ A 



opposite side MP sin A 



Also 



sin A cosec A = 1 
cos A sec A = 1 
tan A cot A =1 



sin»A + Co3*A = 1 
tan'A+l =8ec'A 
1 + cot 'A J= cosec*A 



••I 
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Sine 



Cosecant 



Tangent 



Cotangent 



Secant 



Cosine 



Is 

20 
30 
40 
SO 


10 
20 
30 
40 
50 


10 
20 
30 
40 
50 


10 
20 
30 
40 
50 


10 
20 
30 
40 
SO 


10 
20 
30 
40 
SO 


10 
20 
30 
40 
50 



.000000 I 

.002909 

.005818 

.008727 

.011635 

'.014544 

.017452 
.020361 
.023269 
.026177 
.029085 
.031992 

.034899 
.037806 
.040713 
.043619 
.046525 
.049431 

.052336 
.055241 
.058145 
.061049 
.063952 
.066854 

.069756 
.072658 
.075559 
.078459 
.081359 
.084258 

.087156 
.090053 
.092950 
.095846 
.098741 
.101635 

.104528 
.107421 
.110313 
.113203 
.116093 
.118982 



Infifute 
343.77315 
171.88831 
114.59301 
85.945609 
68.757360 



57. 
49. 
42. 
38, 
34. 
31. 



298688 
114062 
975713 
201550 
382316 
257577 



28.653708 
26.450510 
24.562123 
22.925586 
21.493676 
20.230284 

19.107323 
18.10261? 
17.198434 
16.380408 
15.636793 
14.957882 



14 
13 
13 
12 
12 
11 



.335587 
763115 
234717 
745495 
291252 
868370 



11.473713 
11.104549 
10.758488 
10.433431 
10.127522 
9.8391227 

9.5667722 
9.3091699 
9.0651512 
8.8336715 
8.6137901 
8.4045586 



.000000 
.002909 
.005818 
.008727 
.011636 
.014545 

.017455 

.02036^ 
.023275 
.026186 
.029097 
.032009 

■ 

.034921 
.037834 
.040747 
.043661 
.046576 
.049491 

.052408 
.055325 
.058243 
.061163 
.064083 
.067004 

.069927 
.072851 
.075776 
.078702 
081629 
084558 

.087489 

.090421 

.093354 

.096289 

.099226] 

.102164 

.105104 
. 108046 
.110990 
.113936 
.116883 
.119833 



Infinite 
343.77371 
171.88540 
114.58865 
85.939791 
63.750087 

57.289962 

49.103881 
42.964077 
38.188459 
34.367771 
31.241577 

28.636253 
26.431600 
24.541758 
22.903766 
21.470401 
20.205553 

19.081137 
18.074977 
17.169337 
16. 34985 i 
15.604784 
14.924417 

14.300666 
13.726738 
13.196888 
12.706205 
12.250505 
n. 826 167 

11.430052 
11.059431 
10.711913 
10.385397 
10< 078031 
9.7881732 

9.5143645 
9.2553035 
9.0098261 
8.7768874 
8.5555468 
8.3449558 



1.00000 
1.00000 
1.00002 
1.00004 
1.00007 
l.OiOOll 

1.00015 
1.00021 
1.00027 
1.00034 
1.00042 
1.00051 

1.000^1 
1.00072 
1-. 00083 
1.00095 
1.00108 
1.00122 

1.00137 
1.00153 
1.00169 
1.001.87 
1,00205 
1.00224 

1.00244 
1.00265 
1.00287 
1.00309 
1.00333 
1.00357 

1.00382 
1.00408 
1.00435 
1.00463 
1.00491 
1.00521 

1.00551 
1.00582 
1.00614 
1.00647 
1.00681 
1.00715 



1.000000 
..999996 
.999983 
.999962 
.999932 
.999894 

.999848 
.999793 
.999729 
.999657 
.999577 
.999488 

.999391 
.999285 
.999171 
,999048 
.998917 
.998778 

.998630 
.998473 
.998308 
.998135 
1997357 
.997763 

.997564 
.997357 
.997141 
.996917 
.996685 
.996444 

.996195 
.995937 
.995671 
:995396 
.995113 
.994822 

.994522 
.994214 
.993897 
.993572 
.993238 
.992896 




50 
40 
30 
20 
10 


50 
40 
30 
20 
10 


50 
40 
30 
20 
10 


SO 
40 
30 
20 
10 


50 
40 
30 
20 
10 


50 
40 
30 
20 
10 


50 
40 
30 
20 
10 



90 



89 



88 



87 



86 



85 



84 



83 



Cosine 



Secant 



Coteiic*nk 



Tangent 



Sine 



For functions from 83*-10' to 90'*-0' read from bottom of table 
upward. 



TABIJBJP 
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o 


/ 


1- 
Sine Cosecant 


Tanpent Cotanjfent 


Secant 


Cosine 





r 


7 





.121869 


1 
8.2055090 


.122785 


8.1443464 


1.00751 


.992546 


83 




10 


.124756 


8.0156450 


.125738 


7.9530224 


1.00787 


.992187 


50: 


' 




20 


.127642 


7.8344335 


.128694 


7.7703506 


1.00825 


.991820 


40 






30 


. 130526 


7, 661297 & 


.13165;? 


7.5957541 


1 . 00863 


.991445 


30 






40 


.133410 


7.4957100 


.134613 


7.4287064 


1.00902 


.991061 


20 






50 


.136292 


7.3371909 


.137576 


7.2687255 


1.00942 


.990669 


10 




8 





.139173 


7.1852965 


.140541 


7.1153697 


1.00983 


.990268 


.0 


82 




10 


.142033 


7.0396220 


. 143508 


6.9682335 


1.01024 


.989859 


50 






20 


.144932 


6.8997942 


.146478 


6.8269437 


1.01067 


.989442 


40 






30 


. 147809 


6.7654691 


.149451 


6.6911562 


1.01111 


.989016 


30 






m 


.156686 


6.6363293 


.152426 


6.5605538 


1.01155 


.988582 


20 






so. 


.153561 


6.5120812 


.155404 


6.4348428 


1.01200 


.988139 


10 




9' 





.156434 


6.3924532 


.158384 


6.3137515 


1.01247 


.987688 





81 




f'O 


.159307 


6. '277 1933 


.161368 


6.1970279 


1.01294 


.987229 


50 






20 


.162*78 


6^.1660674 


.164354 


6.0844381 


1.01342 


.986762 


4t) 






39 


.165048 


6.0588980 


.167343 


5.9757644 


1.01391 


.986286 


30 






40 


.167916 


5.9553625 


. 170334 


5.8708042 


1.01440 


.985801 


20 






50 


.170783 


5.8553921 


.173329 


5.7693688 


1.01491 


.985309 


10 




10 





.173648 


5.7587705 


.176327 


5.6712818 


1.01543 


.984808 





80 




to 


: 176512 


5.«i5.S3331 


.179328 


5.5763786 


1.01595 


.984298 


50 


. 




20 


.179375 


5.5749258 


. 182332 


5.4845052 


1.01649 


.983781 


40 






30 


. 182236 


5.4874043 


.185339 


5.3955172 


1.01703 


.983255 


30 






40 


.185095 


5.4026333 


. 188359 


5.3092793 


1.01758 


.982721 


20 






50 


.187953 


5.3204860 


.191363 


5.2256647 


1.01815 


.982178 


10 




11 





.190809 


5.2408431 


. 194380 


5.1445540 


1.01872 


.981627 





79 


, 


10 


.193664 


5.1635924 


.197401 


5.0658352 


1.01930 


.981068 


50 






20 


*I96S17 


5.0886284 


.200425 


4.9894027 


1.01989 


.980500 


40 






30 


.199368 


5.0158317 


.203452 


4.9151570 


1.02049 


,979925 


30 






40 


.202218 


4.9451687 


.206483 


4.ff430045 


1.02110 


.979341 


20 






50 


.205065 


4.8764907 


.209518 


4.7728568 


1.02171 


.978748 


10 




12 





.207912 


4.8097343 


.212557 


4.7046301 


1.02234 


.978148 





78 


* ■* 


to 


.210756 


4.74482D6 


.215599 


4.6382457 


1.02298 


.977539 


50 






20 


.213599 


4.6816748 


.218645 


4.5736287 


1.02362 


.976921 


40 






30 


.216440 


4.620P.263 


. 221695 


4.5107085 


1 .02428 


'.976296 


30 






40 


.219279 


4.5604060 


.224748 


4.4494181. 


1 .02494 


.975662 


201 






50 


,222116 


4.5021565 


.227806 


4.3896940 


1.02562 


•9750120 


10 




13 





.224951 


4.4454115 


.230868 


4.3314759 


1.02630 


.974370 





77 


r 


10 


.227784 


4.3901158 


.233^34 


4.2747066 


1 .02700 


.973712 


50 






20 


.230616 


4.J362150 


.237004 


4.2193318 


1.02770 


.973045 


40 






30 


.233445 


4.2836576 


.240079 


4.1652998 


1.02842 


.972370 


30 






40 


.236273 


4.2323943 


.243158 


4.1125614 


1.02914 


.971687 


20 






50 

t 


.239098 


4.1823785 


.246241 


4.0610700 


1.02987 


.970995 


10 76 


' O 


> 


Cosine 


Secant 

1 


Cotangent 


Tangent 


Cosecant 


Sine 


/ 


o 



FoT fanctions from 76*-10' to 83*-0' read from bottom of table 
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Sine 



Cosecant 



Tangent 



Cotangent 



Secant 



Cosine 



14 





.241922 




10 


.244743 




20 


.247563 




30 


.250380 




40 


.253195 




50 


.256008 


15 





.258819 




10 


.261628 




20 


.264434 




30 


.2672i^ 




40 


.270040 




50 


.272840 


16 





.275637 




10 


,278432 




20 


.281225 




30 


.284015 




40 


.286803 




50 


.289589 


17 





.292372 




10 


.295152 




20 


.297930 




30 


.300706 




40 


.303479 




50 


.306249 


18 





.309017 




10 


.311782 




20 


.314545 




30 


.317305 




40 


.320062 




50 


.322816 


19 





.325568 




10 


.328317 




20 


.331063 




30 


.333807 




40 


1336547 




50 


.339285 


20 





.342020 




10 


.344752 




20 


.3474S1 




30 


.350207 




40 


.352931 




50 


.355651 



,1335655 
.0859130 
,0393804 
.9935292 
,9495224 
.9061250 

,8637033 
.8222251 
,7816596 
,7419775 
,7031506 
,6651518 



3.6279553 
3.5915363 
3.5558710 
3.5209365 
3.4867110 
3.4531735 

3.4203036 
3.3880820 
3.3564900 
3.3255095 
3.2951234 
3.2653149 

3.2360680 
3.2073673 
3.1791978 
3.1515453 
3 . 1243959 
3.0977363 



,0/15535 
.0458352 
.0205693 
,9957443 
.9713490 
.9473724 



2.9238044 
2.9006346 
2.8778532 
2.8554510 
2.83J4I85 
2.8117471 



.249328 
.252420 
.255517 
.258618 
.261723 
.264834 

.267949 
.271069 
.274195 
.277325 
. 280460 
.283600 

.286745 
.289896 
.293052 
.296214 
.299380 
.302553 

,305731 
.308914 
.312104 
.315299 
.318500 
.321707 

.324920 

.328139 

,3313641 

.334595 

.337833 

.341077 

.344328 
.347585 
.350848 
.354119 
.357396 
.360680 

.363970 
.367268 
.370573 
.373885 
.377204 
.380530 



4.0107809 
3.9616518 
3.9136420 
3.8667331 
3.8208281 
3.7759519 



73205Q8 
6890927 
6470467 
6058835 
5655749 
5260938 



3.4874144 
3.4495120 
3.4123626 
3.3759434 
3.3402326 
3.3052091 

3.2708526 
3.2371438 
3.2040638 
3.1715948 
3.1397194 
3.1084210 



.0776835 
,0474915 
,0178301 
9886850 
.9600422 
,9318885 



2.9042109 
2.8769970 
2.8502349 
2.8239129 
2.7980198 
2.7725448 

2.7474774 
2.7228076 
2.6985254 
2.6746215 
2.6510867 
2.6279121 



1.03061 

1.03137 

1.032131 

1.03290 

1.03363 

1.03447 

1.03528 
1.03609 
1.03691 
1.03774 
Ir. 03858 
1.03944 



04030 
04117 
04206 
04295 
04385 
04477 



1.04569 
1.04663 
1.04757 
1.04853 
1.04950 
1,05047 

1.05146 
1.05246 
1.05347 
1.05449 
1.0SS52 
1.05657 



.05762 
,05869 
.05976 
.06085 
.061P5 
.06306 

.06418 

.06531 

.066451 

.06761 

.06878 

.06995 



.970296 
.969588 
.968872 
.968148 
.967415 
.966675 

.965926 
.965169 
.964404 
.963630 
.962849 
.962059 

.961262 
.960456 
.959642 
.958820 
.957990 
.957151 

.956305 

.955450 
.954588 
.953717 
.952838 
.951951 

.951057 
.950154 
.949243 
.948324 
.947397 
.946462 

.945519 
.944568 
.943609 
.942641 
.941666 
.940684 

.939693 
.938694 
.937687 
.936672 
.935650 
.934619 




50 
40 
30 
20 
10 


50 
40 
30 
20 
10 



50 
40 
30 
20 
10 


50 
40 
30 
20 
10 


50 
40 
30 
20 
10 


50 
40 
30 
20 
10 

6 
50 
40 
30 
20 
10 



Cosine 



Secant 



Cotangent 



Tangent 



Cosecant 



Sine 



76 



75 



74 



73 



72 



71 



70 



69 



!'• ' ■ ^^"T^^— ^^w*i^" 



For functions from 69**-10' to 76'*-0"read from bottom of tiWe 
upward. 



TABLES 
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NATURAL SINES, COSECANTS, TANGENTS, ETC. 

(Continued) 



21 



■>■> 



2Z 



24 



Sine 



I 



i t 

Cosecant iTantjent'CoianKcnt; J>ctant 

i i 



I 



Cosine 



I 



26 



e 

10 
20 
30 
40 
50 


10 
20 
30 
40 
50 



20{ 
30 
40i 
50 



I 



30t 

40t 
50! 

I 
OV 
10' 
20 
30 

KO 

50 
I 

c 

10 
t20 

30 
.40 
•50 



.358368 
.361082 
.363793 
.366501 
.369206 
.371908 

.374607 

.3773021 

.379994, 

.382683 

.385369 

.388052 

.390731' 
.393407 
.396080 
.398749 
.401415 
.404078 
I 

.406737 
.409392 
.412fM5 
.414693 
.417338 
.419980 

.42261S 
.425253 
.427884 

.43':3i: 

433135 
.435755 



I 
2.79042811 
2.7694532' 
2.7488J44> 
2. 7285038 { 
2.7085139 
2.6888374, 



I 



I 



I 

2.6694672 
2.6503962 
2.6316180 
2.6131259 
2.5949137 
2.5769753. 

2.5593047 
2.5418961 
2.52474413 
2.507842? 
2.4911^74 
2.4747726 



I 



.4585933 

.4426448 
.4269222 
.41142!} 
.3961367 
3810650 



2.3662-:>!6 

2.3315424 
2.337'! ^3 3 • 

2.3:«75":: 

2.294SSS5 



38386412. 
.387205 '2. 
.390554.2, 
.393911 2. 
.397275 1 2. 
.400647 2. 

I 
.404026; 2, 
.407414:2. 
.410810(2. 
.414214*2. 
.417626-2. 
.421046 2. 

I 
.424475*2. 
.427912 2. 
.431358 2. 
.434812 2. 
.438276 2. 
.44174ft 2. 

.44522>!2. 

.++S7l:f 2. 

.4522IS 2. 

.4557:6 2. 
.45*"'244 2. 
.462771 2. 

■ 

.4665 * 2. 

.44>*^S54 2. 

.4734! 2. 
.476-76 Z. 
.48C55! 1. 

.4a4:}r 2. 



6050891:1 
5826094 1 
5604649 1 
5386479.1 
5171507,1 
4959661 jl 

4750869)1 
4545061 1 1 
4342172.1 
4142136^1 
3944889.1 
3750372 1 
\ 



07115 
07235 
07356 
07479 
07602 
07727 

07853 

07981 

08109 

082391 

08370. 

08503 



3558524 
3369287 
31826C6 
299S425 
2816693 
2637357 



43837! 2.28! 372? .4i?7r?? 2 
.4409*4 2. 26>. 571 .4>i:-5-2. 
443593 2.2543r':4 .494-55 Z. 
446!9= 2.24115*5 .4>i5-r Z. 
44^79^ 2.228! S»! .5:2::?' 1 
45!3*7 2.2:5346! .5.5^7 i 



r-.-.: 



246036H I 
2285676 1 
21132J4 1 
1942S!-7 I 
1774';:! 1 
16CS555 1 

!443C*9 1 

1283Z:3 I 

.i!2iJ4H 1 

, !V'^5436 !. 

.<''*'V43» I, 

AySil^ 1 



5 1 

: 1 
- 1 . 



i i 

9333801 

.932534 50 

931480 

.930418 

.929348 

928270 



927184 



69 



40 

30 1 



20: 
10: 



OH 



976^ ! 5 



08636 

.087711 

089071 

.09044! 

.0183* 

.C9323' 
I 
.094641 
.0-^606: 
f^75: 
.C>^>5- 

i!v4: 
K-64: 

.I!7i3 

!!v47 
1 • • - 1 

a 

ii:6!' 
i!4:>. 
,n57> 
i:74! 
i:v: 



.926090 50 
.924989 1 40 
.923880 30 
.922762*20 
,921638 10- 

I 
.920505' 0' 
.919364 50, 
91«2!6 40 
.9170^.0 30 
.9158 y 6 20 
.914725 10 



.913545 
.912358 
.911164 

.9<;->961 

.•>!'*75! 





h 



.9!i3-5 ? 

.9 :?: :: 



S'. '- — " 



67 



66 



<,5 



64 



27 1 n .45395': 2.2:268'?3 .5755:5 :. 

.10". 45658.: 2.::-!! ^7 -r:5::-5 :. 

{20 .45516^ 2-;77?555 .5:^-^'-: !-' 
130 ".46174'. :.H5^ = ''5 .zZ'.'-'.' :. 
I*?-. 4643^7 2- :5>^:55 .5:4:7 l. 
'r"* .^f^RfV. 2.:4!75!~ -5:7!--- !. 



♦ - -,- 



• • - -*J*-i ' 



• ■ ' C:-^ -* * «^"-: -^ 



Xt—.-" *". »-^Tf. . S-'ll 



He f-rrcti-r-s f • *.T-'.':' ''* VT V r *J f-->^ biT-inx. cf — . . 
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NATURAL SINES, COSECANTS, TANGENTS, ETC 

(Continued) 



Sine 



Cosecant 



Tangent 



Cotangent 



Secant 



Cosine 



28 





.469472 




10 


.472038 




20 


.474600 




30 


.477159 




40 


.479713 




50 


.482263 


29 





.484810 




10 


.487352 




20 


.489890 




30 


.492424 




40 


.494953 




50 


.497479 


30 





.500000 




10 


.502517 




20 


.505030 




30 


.507538 




40 


.510043 




50 


.512543 


31 





.515038 




10 


.517529 




20 


.520016 




30 


. 522499 




40 


. 524977 




50 


.527450 


32 





.529919 




10 


.532384 




20 


.534844 




30 


.537300 




40 


.539751 




50 


.542197 


33 





.544639 




10 


.547076 




20 


.549509 




30 


.551937 




40 


.554360 




50 


.556779 


34 





.559193 




10 


.561602 




20 


.564007 




30 


. 566406 




40 


.568801 




50 


.571191 



2.1300545 
2.1184737 
2.1070359 
2.0957385 
2.0845792 
2.0735556 

2.0626653 
2.0519061 
2.0412757 
2.0307720 
2.0203929 
2.0101362 

2.0000000 
1.9899822 
1.9800810 
1.9702944 
1.9606206 
1.9510577 

1.9416040 
1.9322578 
1.9230173 
1.9138809 
1.9048469 
1.8959138 

1.8870799 
1.8783438 
1.8697040 
1.8611590 
1.8527073 
1.8443476 

1.8360785 
1.8278985 
1.8198065 
1.8118010 
1.8038809 
1.7960449 

1.7882916 
1.7806201 
1.7730290 
1.7655173 
1.7580837 
1.7507273 



.531709 
.535547 
.539195 
. 542956 
.546728 
.550515 

.554309 
.5581t« 
.561939 
.565773 
.569619 
. 573478 

.577350 
.581235 
.585134 
.589045 
. 592970 
. 596908 

.600861 
.604827 
.608807 
.61280-1 
.616809 
.620832 

.624869 
.628921 
.632988 
.637079 
.641167 
.645280 

.649408 
.653531 
.657710 
.661886 
.666077 
.670285 

.674509 
.678749 
.683007 
.687281 
.691573 
.695881 



,8807265 
,8676003 
,8546159 
,8417409 
,8290628 
,8164892 

,8040478 
,7917362 
,7795524 
.7674940 
,7555590 
,7437453 

,7320508 
,7204736 
,7090116 
.6976631 
,6864261 
.6752988 

.6642795 
.6533663 
,6425576 
.6318517 
,6212469 
,6107417 

,6003345 
.5900238 
.5798079 
.5696856 
.5596552 
.5497155 

.5398650 
.5301025 
.5204261 
.5108352 
.5013282 
.4919039 



1.4825610 
1.4732983 
1.4641147 
1.4550090 
1.4459801 
1.4370268 



1.13257 


.882948 





1.13433 


.881578' 


50 


1.13610 


.880201 


40 


1.13789 


.878817 


30 


1.13970 


.877425 


20 


1.14152 


.876026 


10 


1.14335 


.874620 





1.14521 


.873206 


SO 


1.14707 


.871784 


40 


1 . 14896 


.870356 


30 


K 15085 


.868920 


20 


1 . 15277 


.867476 


10 


1.15470 


.866025 





1.15665 


.864567 


SO 


1.15861 


.863102 


40 


1.16059 


.861629 


30 


1.16259 


.860149 


20 


1.16460 


.858662 


10 


1.16663 


.857167 





1.16S68 


, .855665 


50 


1.17075 


.854156 


40 


1.17283 


.852640 


30 


1.17493 


.851117 


20 


1.17704 


.849566 


10 


1.17918 


.848048 





1.18133 


.846503 


SO 


1.18350 


.844951 


40 


1.18569 


.843391 


30 


1.18790 


.841825 


20 


1.19012 


.840251 


10 


1.19236 


.838671 





1 . 19463 


.8370B3 


50 


1.19691 


.935488 


40 


1.19920 


.833886 


30 


1.20152 


.8^2277 


20 


1.20386 


.830661 


10 


1.20622 


.829038 





1.20859 


.827407 


50 


1.^1099 


.825770 


40 


1.21341 


.824126 


30 


1.21584 


.822475 


20 


1.21830 


.820817 


10 



Cosine 



Secant 



Cotangent 



Tanjrent 



CoMcaat 



Sine* 



62 



61 



60 



59 



58 



57 



56 



55 



For functions . from 55°-10' to 62''-0' read from bottom of table 
upward. . ' 



> 



+ABLBS ' 



m 



NATURAL 8INE8, COSECANTS, TANGENTS, ETC. 

(Continued) 



o 


y ■ 


Sine 


Cosecant 


Tangent Cotan^^cn t 


Secant 


Cosine ' 


o 


35 





.573576 1.7434468 


J?0(y2oe 


1.4281480 


1.22077 


.819152 





55 




10 


.575957 1.7362413 


.704552 


1.4193427 


1.22327 


.817480 


50 






20 


.578332 


1.7291096 


.708913 


1.4106098 


1.22579 


.815801 


40 






30 


.580703 


1.7220508 


.713293 


1.4019483 


1.22833 


.814116 


30 






40 


. 583X)69 


1.7150639 


.717691 


1.3933571 


1.23089 


.812423 


20 






50 


.585429 


1.7081478 


.722108 


1.3848355 


1.23347 


.810723 


10 




3^ 


Q 


.5a77jB3 


1.7013016 


.726543 


1.3763810 


1.23607 


.809017 





54 




10 


.590136 


1.6945244 


.730996 


1.3679959 


1.23869 


.807304 


50 






20 


.59-3482 


1.6878151 


.735469 


1.3596764 


1.24134 


.805584 


40 






30 


.594823 


1.68U730 


.739961 


1.3514224 


1.24400 


.803857 


30 






40 


.S9n59 


1.6745970 


.744472 


1.3432331 


1.24669 


.802123 


20 






50 


.599489 


1.6680864 


.749003 


1.3351075 


1.24940 


.800383 


10 




27 





.601815 


1.6616401 


.753554 


1.3270448 


1.25214 


.798636 





53 




10 


.604136 


1.6S52575 


.758125 


1.3190441 


1.25489 


.796882 


50 






20 


.606451 


1.6489376 


.762716 


1.3111046 


1 .25767 


.795121 


40 






30 


.608761 


1.6426796 


.767627 


1.3032254 


1.26047 


.793353 


30 






40 


.611067 


1.6364828 


.771959 


r. 2954057 


1.26330 


.791579 


20 






50 


.613367 


1.6303462 


.776612 


1.2876447 


1.26615 


.789798 


10 




38 





.615ft61 


1.6242692 


.781286 


1.2799416 


I .26902 


.788011 





52 




10 


.6179*1 


1.6182510 


.785981 


1.2722957 


1.27191 


.786217 


50 






20 


.620235 


1.6122908 


.790698 


1.2647062 


1.27483 


.7«4416 


40 






30 


.62.2515 


1.6063879 


.795436 


1.2571723 


1.27778 


. 782608 


30 






40 


.634789 


1.6005416 


.800196 


1.2496933 


1,28075 


.780794 


20 




• 


50 


.627057 


1.5947511 


.804080 


1.2422685 


1.28374 


.778973 


10 




39 





.639320 


1.5890157 


.809784 


1.2348972 


1.2S676 


.777146 





51 


1 


10 


.631578 


1.5833318 


.814612 


1.2275786 


1.28980 


.775312 


50 




• 


20 


.633831 


1.5777077 


.819463 


1.2203121 


1.29287 


.773472 


40 




V 


^0 


.636078 


1.5721337 


.824336 


i. 2130970 


1.29597 


. 7716.25 


30 






40 


.638320 


1.5666121 


.829234 


1.2059327 


1.29909 


.769771 


20 






50 


.640557 


1.5611424 


.834155 


1.1988184 


1.30223 


.767911 


10 




40 





.642788 


1.5557238 


.839100 


1.1917536 


1.30541 


.766044 





50 




10 


.645013 


1.5503558 


.844069 


1.1847376 


1.30861 


.764171 


50 






20 


.647233 


1.5450378 


.849062 


1.1777698 


1.31183 


.762292 


40 






30 


.649448 


1.5397690 


.854081 


1.1708496 


1.31509 


.760406 


30 






40 


.651657 


1.5345491 


.859124 


1.1639763 


1.31837 


.758514 


20 






50 


.653861 


1.5293773 


.864193 


1.1571495 


1.32168 


.756615 


10 




41 





.656059 


1.5242531 


.869287 


1.1503684 


1.32501 


.754710 





49 




10 


.658252 


1.5191759 


.874407 


1.1436326 


1.32838 


.752798 


50 






20 


.660439 


1.5141452 


.879553 


1.1369414 


1.33177 


.750880 


40 






30 


.662620 


1.5091605 


.884725 


1.1302944 


1.33519 


.748956 


30 






40 


.664796 


1.5042211 


.889924 


1.1236909 


1.33864 


.747025 


20 






SO 


.666966 


1.4993267 


.895151 


1.1171305 


1.34212 


.745088 


10 


48 


e 


/ 


Cosine 


Secant 


Cotangent 


Tangent 


Cotecknt 


Sine ' 


a 



For functions from 48*'-10' to 55"-0' read from bottom of table 
upward. 
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NATURAL SINES, COSECANTS, TANGENTS, ETC. 

(Continued) 






/ 


Sine 


Cosecant 


Tan^rent Cotangent Secant 


Cosine 


r 


o 


42 





.669131 


1.4944765 


.900404 


1.1106125 


1.34563 


.743145 





48 




10 


.671289 


1.4896703 


.905685 


1.1041365 


1.34917 


.741195 


50 






20 


.673443 


1.48490? 3 


.910994 


1.0977020 


1.35274 


.739239 


40 






30 


.675590 


1.4801872 


.916331 


1.0913085 


1.35634 


.737277 


30 






40 


.677732 


1.4755095 


.921697 


1.0849554 


1.35997 


,735309 


30 






50 


,e79%6Z 


1.4708736 


.927091 


1.0786423 


1.36363 


.733335 


10 




43 





.681998 


1.4662792 


.932515 


1.0723687 


1.36733 


.731354 





47 




10 


.684123 


1.4617257 


.937968 


1.0661341 


U37105 


,729367 


50 






20 


.686242 


1.4572127 


.943451 


1.0599381 


1.37481 


.727374 


40 






3a 


.688355 


1.4527397 


.94896$ 


1.0537801 


1.37860 


.725374 


30 






40 


,690462 


1.4483063 


.954508 


1.0476598 


1.38242 


. 723369 


20 






50 


.692563 


1.4439120 


.960083 


1.0415767 


1.38628 


.721357 


10 




44 





.694658 


1.4395565 


.965689 


1.03SS303 


1.39016 


.719340 





46 




10 


.696748 


1.4352393 


.971326 


1.0295203 


1^39409 


^. 717316. 


50 




' 


20 


.698832 


1.4309602 


.976996 


1.0235461 


1.39804 


.715286 


40 






30 


.700909 


1.4267182 


.982697 


1.0176074 


1.40203 


.713251 
.711209 


30 






40 


.702981 


1.4225134 


.988432 


1.0117088 


1.40606 


20 






50 


.705047 


1.4183454 


.994199 


1.0058348 


1.41012 


.709161 


10 




45 





.707107 


1.4142136 


1.00000 


1.0000000 

• 


1.41421 


.707107 





45 


e 


/ 


Cosine 


Secant 


Cotsnicent 


Tangent 


Cosecant 


Sine 


/ 


» 



For functions from 45** C to 48''-0' read from bottom of tabic 
iipwant. 



Ho. 


-- 


Cubes iSquace rdolsl Cu 


be root. 


cciproc»i» 


I 




1 1 


0000000 1 


0000000 1 


000000000 


2 




8 1 










9 










S 


2S 


1 ! 


0000000 i 


5874011 


250000000 




S6 




4494897 J 




166666667 


s 


49 


43 2 
29 J 


64S7513 1 
OOOOOUO i 


9129312 
0800837 


142857143 
llllUllI 





2? 


I'jl 3 


lUinl 1 


i=;«|jj 


jooooogoo 


2 




1728 3 


4641016 2 


2894286 


UB33333J3 














4 












IS 


25 


3375 3 


87 9833 2 




6666667 












2500000 




89 




13 1056 2 


571-'8l6 


8823S29 


■ 18 


24 


S832 4 


24 6407 2 


6207414 


5S5iS56 














20 


400 


8000 . 


4; iO 2 


7144177 , 


050000000 


22 


484 






8020393 ■ 


045454545 


2i 


S29 




'; IS 2 


8438670 


04347S26I 














2S 


625 


1S625 


01 K 2 


9240177 


040000000 




676 








038461538 




723 








037037037 


28 


784 


21952 


2: !6 3 


U365889 


035714286 










0723168 


0344827S9 


.0 


90O 


27000 5 


4772256 3 


072325 


33 3333 






29791 5 


S677644 3 




U 8065 


. 2 


1024 








U> 0000 


3 


1089 


J5937 5 


7445626 3 


^075343 . 


0303 3030 












94 1765 


5 


132S 






2710663 


OiM 1429 




1296 


46656 6 


0000000 3 


3019272 


77 111% 












702re.>7 


8 




5487> 6 


1044140 i 








an 




2449980 3 


J912II4 


025641026 


40 


1 00 


64000 6 






025000000 




I 81 


68921 6 


4 ' 3 


4 \ 


0238 9524 


43 
















85184 6 


6 > 3 




0227 7273 






91125 6 


7 ' 3 


5568933 


0222 2222 


46 








5830179 




„ "' 


2 09. 


103823 6 






021276600 






I10S92 6 


9 ! 3 


6342411 


030833333 


49 


2 01 






6593057 




50 


2S0O 


125000 7 


0710678 3 


6840314 


030000000 


51 


2601 


1326)1 7 




7084298 




S2 




140608 7 
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eOUARES, CUBES, 8QUARg ROOTB, G\IB& HOt^S AND 

RECIPfM>OALS^(C«ntlnued) 



No. 


Sqtiares 


Cubts 


Square roots 


Ctibe roots 


Reciprocals 


53 


2809 


148877 


7.^801099 


3.7562858 


.018867925 


54 


2916 


157464 


7.3484692 


3.7797631 


.018618519 


55 


3025 


16637^ 


7.4161985 


3.8029525 


.01818)818 


56 


3136 


175616 


7,4833148 


3.8258624 


.017857143 


57 


3249 


185193 


7.5498344 


3.8485011 


.017543860 


58 


3364 


195112 


7.6157731 


3.8708766 


.017241379 


59 


3481 


205379 


7.6811457 


3.8929965 


.016949153 


66 


3600 


216000 


7.7459667 


3.9148676 


.016666667 


6> 


3721 


226981 


7.8102497 


3.9364972 


.016393443 


62 


3844 


238328 


7.iB740079 


3.9578915 


.016129032 


63 


3969 


250047 


7.9372539 


3.9790571 


.015873016 


64 


4096 


262144 


8.0000000 


4.0000000 
4.0207256 


.015625000 


6i 


4225 


274625 


8.0622577 


.015384615 


66 


4356 


287496 


8.1240384 


4.0412401 


.015151515 


67 


4489 


300763 


8.1853528 


4.0615480 


.014925373 


. 68 


4624 


314432 


8.2462113 


4.0816551 


.014705882 


69 


4?6J 


328509 


8.3066239 


4.101.5661 


.014492754 


70 


4900 


343000 


8.3666003 


4.1212853 


.014285714 


71 


5041 


357911 


8.4261498 


.4.1408178 


.014084507 


72 


5184 


373248 


8.4852814 


4.1601676 


.013888889 


73 


.5329 


3B9017 


8.5440037 


4.1793390 


.013698630 


74 


5476 


405224 


8.602325^ 


4.1983364 


.013513514 


7J 


5625 


421875 


8.6602540 


4.2171633 


.01^333333 


76 


5776 


438976 


8.7177979 


4.2358236 


.013157895 


77 


5929 


456533 


8-. 7749644 


4.2543210 


.012987013 


78 


6084 


474552 


8.8317609 


4.2726586 1 


.012820513 


79 


6241 


493039 


8.8881944 


4.29084Q4 


.012658228 


80 


6400 


512000 


' 8.9442719 


4.3088695 


.012500000 


81 


6561 


531441 


9.0000000 


4.3267487 


.012345679 


82 


6724 


551368 


9.0553851 


4.3444815 


.012195122 


83 


6889 


571787 


9.1104336 


4.3620707 


.012048193 


84 


7056 


'592704 


9.1651514 


4.3795191 


.011904762 


85 


7225 


. 614125 


9.2195445 


4.3968296 


.011764706 


86 


7396 


636056 


9.2736185 


4.4140049 


.011627907 


87 


7569 


658503 


9.3273791 


4.4310476 


.011494253 


88 


7744 


681472 


9.3808315 


4.4479602 


.011363636 


89 


7921 


704969 


9.4339811 


4.4647451 


.011235955 


90 


8100 


729000 


9.4868330 


4.4814047 


.011111111 


91 


8281. 


753571 


9.5393920 


4.4979414 


.010989011 


92 


8464 


778688 


9.5916630 


4.5143574 


.010869565 


93 


8649 


804357 


9.6436508 


4.5306549 


..010752688 


94 


8836 


830584 


9.6953597 


4.5468359 


.010638298 


95 


9025 


857375 


9.7467943 


4.5629026 
4.5788570 


.010526316 


96 


9216 


884736 


9.7979590 


.010416667 


97 


9409 


912673 


9.8488578 


4.5947009 


.010309278 


98 


9604 


941192 


9.8994949 


4.6104363 


.010204082 


99. 


9801 


970299 


9.9498744 


4.6260650 


.010101010 


100 


10000 


1000000 


10.0000000 


4.6415888 


.010000000 


101 


10201 


1030301 


10.0498756 


4.6570095 


.009900990 


102 


10404 


1061208 


10.0995049 


4.6723287 


.009803922 


103 


10609 


1092727 


10.1488916 


4.6875482 


.009708738 
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8QUARE«, CUBE8r SQUARE ROOT6, CUBE ROOTS AND 

RECIPROCALS*-(Contlnuec|) 



No. 


Squares 


' Cubes 


Square roots 


Cube roots 

i 


Reciprocals 


104 


10816 


1124864 


10.1980390 


4.7026694 


.009615385 


105 


11025 


1157625 


10.2469508 


4.7176940 


.009523810 


106 


11236 


1191016 


10.2956301 


4.7326235 


.009433962 


107 


11449 


1225043 


10.3440804 


4.7474594 


.009345794 


108 


11664 


1259712 


10.3923048 


4 . 7622032 


.009259259 


109 


11881 


1295029 


10.4403065 


4.7768562 


.009174312 


no 


12100 


1331000 


10.4880885 


4.7914199 


.009090909* 


111 


12321 


1367631 


10.5356538 


4.8058955 


.009009009 


112 


12544 


1404928 


10.5830052 


4.8202845 


.00892&571 


lU 


12769 


1442897 


10.6301458 


4.8345881 


.008849558 


114 


12996 


1481544 


10.6770783 


4.8488076 


.008771950 


115 


13225 


1520875 


10.72^8053 


4.8629442 


.008695652 


116 


13456 


1560896 


10.7703296 


4.8769990 


.008620690 


117 


13689 


1601613 


10.8166538 


4.8909732 


.008547009 


118 


13924 


1643032 


10.8627805 


4.9048681 


.008474576 


119 


14161 


1685159 


10.9087121 


4.9186847 


.008403361 


120 


14400 


1728000 


10.9544512 


4.9324242 


.008333333 


121 


1464! 


1771561 


1 1 . 0000000 


4.9460874 


.008264463 


122 


14884 


1815848 


11.0453610 


4.9596757 


.008196721 


123 


151,29 


1860867 


11.0905365 


4.9731898 


.00813008! 


124 


15376 


1906624 


11.1355287 


4.9866310 


.008064516 


123 


1.5625 


1953125 


11.1803399 


5.0000000 


.008000000 


126 


15876 


2000376 


J K 2249722 


5.0132979 


.007936508 


127 


16129 


2048383 


11.2694277 


5.0265257 


.007874016 


128 


16384 


2097152 


11.3137085 


5.0396842 


.007812500 


129 


16641 


2146689 


11.3578167 


5.0527743 


. 00775 193S 


130 


16900 


2197000 


11.4017543 


5.0657970 


.007^92308 


131 


17161 


2248091 


11.4455231 


5.0787531 


.007633588 


132 


17424 


2299968 


11.4891253 


5.0916434 


.007575758 


133 


- 17689 


. 2352637 


11.5325626 


5.1044687 


.007518797 


134 


17956 


2406104 


11.5758369 


5.1172299 


.007462687 


13S 


18225 


2460375 


11.6189500 


5.1299278 


.007407407 


136 


18496 


,2515456 


11.6619038 


5.1425632 


.007352941 


137 


18769 


'2571353 


1 1 . 7046999 


5.1551367 


.007299270 


138 


19044 


2628072 


11.7473401 


5.1676493 


.007246377 


139 


19321 


2685619 


11.7898261 


S.180101S 

1 


.007194245 


140 


' 19600 


2744000 


11.8321596 


5.1924941 


.007142»57 


14t 


19881 


2803221 


11.8743421 


5.2048279 


.007092199 


142 


20164 


2863288 


11.9163753 


5.2171034 


.007042254 


143 


20449 


2924207 


11.9582607 


5.2?93215 


.006993007 


144 


20736 


2985984 


12.0000000 


5.2414828 


.006944444 


145 


21025 


3048625 


12.0415946 


5.2535879 


.006896552 


146 


21316 


3112136 


12.0830460 


5.2656374 


.006849315 


147 


21609 


3176523 


12.1243557 


5.2776321 


.006802721 


148 


21904 


3241792 


12.1655251 


5.2895725 


.006756757 


149 


22201 


3307949 


12.2065556 


5.3014592 


.006711409 


tS6 


22300 


.1375000 


12.2474487 


5.3132928 


.00666d667 


151 


22801 


3442951 


12.2882057 


5.3250740 


.0066225 1'7 


1S2 


23104 


. 351180« 


12.3288280 


5.3368033 


.006578947 


153 


23409 


3581577 


12.3693169 


5.3484812 


.0065359^ 


154 


23716 


3652264 


12.4096736 


5.3601084 


.006493506 
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SQUARES, CUBES, SQUARE ROOTS, CUBE R06TS AND 

RECtPROCALS*KContfnued) 



No. 


Squares 


Cubes 


Square roots 


Cube roots 


Reciprocals 


155 


24025 


3723875 


12.4498996 


5.3716854 


.006451613 


156 . 


24336 


3796416^ 


12.4899960 


5.3832126 


.006410256 


157 


24649 


3869893 


12.5299641 


5.3946907 


.006369427 


158 


24964 


3944312 


12.5698051 


514061202 


.006329114 


159 


25281 


4019679 


12.6095202 


5.4175015 


.006289308 


160 


25600 


4096000 


12.6491106 


S.4288352 


.006250000 


161 


25921 


4173281 


12.6885775 


5.4401218 


.006211180 


162 


26244 


4251528 


12.7279221 


5,4513618 


.006172840 


163 


26569 


4330747 


12.7671453 


5.4625556 


.006134969 


164 


26896 


4410944 


12.8062485 


5.4737037 


.006097561 


165 


27225 


4492125 


12.8452326 


5.4848066 


.006060606 


166 


27556 


4574296 


12.8840987 


5.4958647 


.006024096 


167 


27889 


4657463 


12.9228480 


5.5068784 


.005988024 


168 


28224 


4741632 


12.9614814 


5.5178484 


.005952381 


169 


28561 


4826809 


13.0000000 


5.5287748 


.005917160 


170 


28900 


491300Q 


13.0384048 


5.5396583 


.003882353 


171 


29241 


5000211 


13.0766968 


5.5504991 


.005847953 


172 


29584 


5088448 


13.1148770 


5.5612978 


.005813953 


173 


29929 


5177717 


13.1529464 


5.5720546 


.005780347 


174 


30276 


5268024 


13.1909060 


5.5827702 


.005747126 


175 


30625 


5359375 


13.2287566 


5.5934447 


.005714286 


176 


30976 


5451776 


13.2664992 


5.6040787 


.005681618 


177 


31329 


SS45233 


13.3041347 


5.6146724 


.005649718 


178 


31684 


5639752 


13.3416641 


5.6252263 


.005617978 


179 


32041 


5735339 


13.3790882 


5.6357408 


.005586592 

1 


180 


32400 


5832000 


13.4164079 


5.6462162 


.005555556 


181 


32761 


5929741 


13.4536240 


5.6566528 


.005524862 


182 


33124 


6028568 


13.4907376 


5.6670511 


.005494505 


183 


33489 


6128487 


13.5277493 


5.6774114 


.005464481 


184 


33856 


6229504 


13.5646600 


5; 6877340 


.005434783 


18$ 


34225 


6331625 


13.6014705 


5.6980192 


.005405405 


186 


34596 


6434856 


13.6381817 


5.7082675 


.005376344 


187 


34969 


6539203 


13.6747943 


5.7184791 


.005347594 


188 


35344 


6644672 


13.7113092 


5.7286543 


.005319149 


189 


35721 


6751269 


13.7477271 


5-7387936 


.005291005 


190 


36100 


6859000 


13.7840488 


5.7488971 


.005263158 


191 


36481 


^6967871 


13.8202750 


5.7589652 


.005235602 


192 


36864 


7077888 


13.8564065 


5.7689982 


.005208333 


193 


37249 


7189057 


13.8924440 


5.7789966 


.005181347 


194 


37636 


7301364 


13.9283883 


5.7889604 


.005154639 


195 


38025 


7414875 


13.9642400 


5.7988900 


.005128205 


196 


38416 


7529536 


14.0000000 


$.8087857 


.005102041 


197 


38809 


7645373 


14.0356688 


5.8186479 


.005076142 


198 


39204 


7762392 


14.0712473 


5.8284767 


.00505^505 


199 


39601 


7880599 


14.1067360 


5.8382725 


.00502S126 


200 


40000 


8000000 


14.1421356 


S. 8480355 


.005000000 


201 


40401 


8120601 


14.1774469 


5.8577660 


.004975124 


202 


40804 


8242408 


14.2126704 


$.8674643 
«i«771307 


.004950495 


003 


41209 


8365427 


14.2478068 


.004926108 


204^ 


41616 


8489664 


14.2828569 


5.8867653 


.004901961 


205 


42025 


8615125 


14.3178211 


5.8963685 


.004878049 



J!l 


Sa«r« 


c..„ 


Square rooU 


Cube root. 


etiprocaii 


ZM 


'^it 


8741816 


14.3327001 


5,9059406 


0048S4369 


207 


8869743 




1874946 


5.91548U 


004830918 




43264 








5.9249921 


OO4B07692 


209 


43681 


9129329 


14 


4S68323 




0047«4689 


310 


44100 


9261D00 


4 


4913767 


5.94392 


00476190 














00473911 


ill 


44944 


9528128 




5602198 


S:96Z73 




313 


453C9 






S94S195 


5.97209 6 


00469481 


iU 




99 8375 


^ 


6287388 




00467289 


216 


46656 


lOO 7696 




6969385 


6: 00000 






:!?s 






7309199 




504608295 














21? 


47961 


10S0J4S9 


14 


7986486 


6 ! 02765 2 


0045662 1(f 














00454S4SS 


221 


48841 


10793861 


14 


8660687 


&: 0459435 


004524887 


222 


49284 








6.0550489 


004504605 














00448430! 




SOI 76 


11239424 






6!o731779 




225 


50621 


1 390625 




0000000 


6.0822020 


1)04444444 


226 


51076 
51S29 


1 697083 




0665192 


«: 1001702 


004424779 
004405286 


228 


519S4 


t 852353 




0996689 


6.1091147 


00438596S 






12008989 








004366812 





S290D 


2167000 


J 


657509 


6.12692S7 


004347826 




53361 


2326391 








804329004 






2487168 


5 


315 62 






3 


S4289 


2649337 


3 


6+1 75 


6^ 1534495 


004291845 




54756 


^7^^?^ 






6. 622401 


00427 1S04 














i 6 


55696 


3144256 




622915 






: 7 


56169 


3312053 


S 


94fl043 


6. 8B4628 


004219409 


S 










6. 971544 


004201631 
















240 


S7600 


38^009 


1 14 


fl 


a 






1997521 








2«. 


58564 


417248B 


12 




D 






4348907 






1 














24S 


60025 


4706125 


IB 








60516 


4886936 


'1 



















.248 


6IS04 


5Z52992 









249 


62001 


S43B249 


18 


6.2911946 





2AD 


62500- 






6.299605 




asi 


63001 


15B132S1 


1 8429795 


6.30799 5 


003984064 






16003008 






6. 31 63596 




253 


64009 


16194277 














16387064 




937377S 


6; 33302 6 


003937008 




6502S 


16581375 








003921 S69 
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1 RCX>TS AND 



. No. 


Squares 


Cuba 


Square rooW 


Cube cooto 


w..» 


~!sr 


65536 


16777216 


16 0000000 


6.3496042 


O039O62S0 




66049 


16974593 


16!031Z195 


6.SS78611 


003891DSI 


258 


66564 


1717151Z 




6.3660968 




2i9 










003861004 


260 


67600 


7 76000 


16.1245 55 


6-382504 


0038461S4 




68121 


7 79581 




6.390676 


0038 1418 








16! 1864 41 




0038 6794 


16i 


69169 


S 91447 


16.2172 47 


6:406958 








8 99744 




6.415068 


B037 7879 






S 09625 










70756 


8 21096 


16:3095 64 


6:4312276 






71289 






6.4192767 


0037453 8 


ita 








6.4473051 


0037313 3 


269 


72161 


M6S109 


16.4012193 


6.4553148 


0037174 2 


27 


729IKI 






6.463304 


003703704 


27 


?"(1 


19902511 


16:46 0776 


6.471273 


003690037 








16.49 42 S 




003676471 


27 






16.52 71 6 






27 


6 


20570824 


16.55 94 4 


6:495065 


003649615 


27 










D01636364 


27 


'. « 










ir 


; 19 


21 51933 


16:64 31 


6:5186839 


003610108 


27 


14 








003S971Z2 


27 


: 11 


21 17639 


16:7032931 


6:S343351 


001584229 


II 


78400 








003571429 


78 61 


23188041 


16:76305 6 


6:5499116 


003358719 




79 24 


224ZS76S 


16.79285 6 




001546099 


283 




22665 1S7 


16.82260 8 






2B4 


80 56 


22906304 


16.85229 5 


6.5731385 


803521127 










6.5808443 


0OH08772 


2B6 


81 96 


233936S6 


16:91 5345 






287 


82 69 


23639903 


16.94 0743 


6:5962023 


003484321 










6.6038545 


001472222 


289 


83521 


24137569 


17:00 0000 
















001448276 


291 


846S1 


2' '[ 


17:0587221 






292 


85264 


2' ia 


17.0880075 




001424658 






"2: i? 


17.1172428 


6.6418522 


003412969 


294 


86436 


21 i* 








Z9S 


S70ZS 


2! '5 




6:6569302 


003389831 


296 


87616 


21 16 




6-6644437 


003378378 


Z97 


88209 


2( '3 




6.6719403 


003J67003 


298 




2( 12 




6. 6794200 


003JSS70S 


299 


89401 


2i >9 


1 


6-M68B31 




300 


9OOO0 


27000000 


17.3205081 


6.69 329S 


003313333 






27270901 








10 


27543608 


17:3781472 


6:70 1729 


003111258 


30 


91809 


Z7818I27 


17.40689S2 


6-71 S70O 


003300330 






2S094464 














17:4642492 


6:73 3155 


0032786*9 


306 


93616 


286S2616 


17.4928557 


6.7386641 


D03267974 



No. 


Squwa 


Cubei 


s,„,„™ 


CMbcroot. 


R«iprocali • 


X 


9424R 


28934443 


17:54M26S 


6 7459967 


'Hill: 






6:7533134 


309 


M481 


29503629 


17.5783958 


6.7606141 




310 


96 oa 


29791000 


7,6068169 


6.7678995 


.00 225806 


Jll 


M 21 


30080231 


7.6J5 921 




.00 215434 










6:7824229 


.00 205 12B 




97 69 


30664297 


71691 060 


6.7896613 


.00 194888 


314 


9S 9fi 


309S9I44 


7.7200451 


6.7968844 


.00 184713 










6.8040921 


.00 174603 


316 


9? 56 


315S4496 


7.'776 S88 




.00 164557 


117 


IO(i4S» 


31855013 


7.804 938 


6:8184620 










7.832S54S 


6.8256242 


:00 144654 


JI9 


101761 


32461759 


7.860S711 


6.8327714 


.00 134796 


3 


102400 


32768000 


7.888S438 


6. -839903 7 


.003125000- 


3 I 




33076 61 




6.8470213 










719443584 


6-8541240 






104329 


33698 67 


7.9722008 


6.8612120 




3 4 


104W6 






6.8682855 






10)625 


34^28 25 


8:0277S6 


6.8753443 




3 6 


106276 


3464S 76 


8.055470 


6.8823888 




3 7 


106«29 


34965783 


8.083141 


6.8894188 




] 8 


107S84 


3S287S52 


8.110770 


6.896434! 


: 003048780' 


3M 


I0824I 


3S611289 




6.9034354 


.003039514' 


3 


108900 


3S937000 


8.1659021 


6.9104232 


MjajoatS 




109661 






6.9 73954 




3 2 




36S9436S 


8:220 672 


6.9 43556 




3 3 


1 0889 


3M26037 


8:2756669 


2:1 S 


'oSSmow 


'.3S 


1 3225 


37595375 


8-303 052 




■O0I97619O 




112896 


37933056 




6:9520533 




113S69 


38272753 


8:357 598 




: 0039(^359 


38 


114244 


38614472 




6:9658198 


.002958580': 




11492) 


389Sa219 


S:411 526 


&. 9726826 




40 


115600 


' 393O4O00 


1 B9 


6.979S321 


.00i941176: 




116281 


3«fSia21 




6.9863681 


.002932551 


42 




40001688 


] 20 


6.9931906 


.002923977 






40353607 






.002915452 




118J36 


40707584 




7 : 0067962 


.002906 77 


45 


11 025 




1 56 


7.0135791 


.002898 51 - 






41421736 




7.0203490 


.0O289D 73 


347 


12 409 


41781923 




7. 0271 058 


.002881 44 








1 81 






349 


12 801 


42S08649 


1 17 


7: 0405806 


1002865 30 


SO 


122500 


4287 SOOD 


18.7082869 


7.0472987 


.002857143 


SI 


12J201 


43243S51 


IB. 7349940 


7.0540041 


.002849003 


.S2 


123904 


43614208 




7.0606967 


.a02S409D» 








18:7882942 


7.0673767 




iS4 


12S316 


44361864 


8.8148877 


7,0740440 




iS 


12602S 


4473887S 




7.0B069BS 




56 




451 18016 


8:8679623 


7.0873411 




S7 


127449 


4S49MM 




7.0939709 





316 NATIONAL. ELECTRIC LAMP ASSOCIATION 

SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS' AND 

R^tPROCALS^(Contlnued) 



No. 


Squares 


Cubes 1 Square roots 

1 


CuberooU 


Eeciprocals 


358 


128164 


45862712 


18.9208879 


7.1005865 


.002793296 


3S9 


128881 


46268279 


^18.94/2953 


7.107193/ 


«002785515 


360 


129600 


46656000 


18.9736660 


7.1137866 


.002777778 


361 


130321 , 


47045881 


19.0000000 


7« 1203674 


.002770083 


362 


131044 


47437928 


19.0262976 


7.1269360 


.002762431 


363 


131769 


47832147 


19.0525589 


7.1334925 


.002754621 


364 


132496 


48228^544 


19.0/87640 


7.1400370 


.002747253 


365 


133225 


48627125 


19.1049732 


7.1465695 


.002739726 


366 


133956 


49027896 


19.1311265 


7.1530901 


.002732240 


367 


134689 


49430863 


19.1572441 


7.1595968. 


.002724796 


368 


135424 


49836032 


19.1833261 


7.1660957 


.002717391 


369 


136161 


; 50243409 


19.2093727 


7.1725609 


,002710027 


370 


L36900 


50653000 


19.2353641 


7.1790544 


M27^27f^ 


371 


137641 
.138384 


51064811 


19.2613603 


7.1^55162 


.00i6954la 


372 


51478848 


19.2873015 


7.1919663 


.002688172 
.0j026i096S 


373 


139129 


51895117 
52313624 


19.3132079 


7.1984050 


374 


139876 
(40625 


19.3390796 


7.2048322 


.0026737^7 


37S 


52734375 


19.3649167 


7.2112479 


i 002666667 


376 


141376 


53157376 


19.3907194 


7.2176522 


.0<)26S9574^ 


377 


142129 


53582633 


19.4164678 


7.2240450 


.00265252a 


378 


142884 


54010152 . 


19.4422221 


7.2304268 


.00264550^ 


379 


143641 


5443Sf?39 


19.4679223 


7.2367972] 


' .002638522 


380 


144400 


54872000 


19.4935887 


7.2431565 


.002631579 


381 


145161 


55306341 


19.5192213 


7.2495045 


.002624672 


382 


145924 


55742968. 


19.5448203 


7.2558415 


;00^6178OI 


383 


146689 


56181887 


19.5703858 


7.2621675 


.002610966 


384 


147456 


56623104 


19.5959179 


7.2664824 


.002604167 


385 


148225 


57066625 


19.6214169 


7.2747864 


.002597403 


386 


148996 


57512456 


19.6468827 


7.2610794 


4002590674 


387 


149769 


57960603 


19.6723156 


7.2673617 


.002583979 


388 


150544 


58411072 


19.69771.56 


7.-2936330 


. .002577320 


389 


151321 


58863869 


19. 7230^129 


7.2998936 


.00^570694 


390 


152100 


59319000 


19.7484177 


7.3061436 
7.3123828 


.0025641^3' 


391 


152881 


59776471 


,19.7737199 


.002557545 


392 


153664 


60236288 


19.7989899 


7.31$6114 


.OOl53l020^ 


393 


154449 


60698457 


19.8242276 


7.3248295 


.002544529 


394 


155236 


61162984 


19.8494332 


7.3310369 


.002538071 


39$ 


156025 


6162i»875 


19.8746069 


7^3372339 


.002531646 


396 


156816 


6209M36 


19.8997487 


7.3434205 


.0035252^3 


397 


157609 


62^0773 
63044792 


19.9248588 


7.3495966 


.002518892 


398 


158404 


19.9499373 


7.3557624 


.002512563^ 


399 


159201 


63521199 


19.9749644 


7.3619178 


.002506266 


400 


160000 


64000000 
6448120^ 


2O.Q0PQO00 


7.3680630 
7.5/41979 


.002500000 


401 


160801 


20.0249644 


,0S24937$fi- 


402 


161604 


64964601 


20,0499371 
20,0748599 


7.3803227 


403 


162409 


65450827 


7.3864373 
7.3^418 

. 7.4047206 


: 00)475248 


404 


163216 


65939$64 


20.0997512 


405 


164jOf25 


66430125 


20.1246118 


.00)469136 


406 


164836 


66923416 


20.1494417 


.002463054 


407 


165649 


67419143 


20.1742410 


7.4107950 


.0(12457002 


408 


166464 


67917312 


20.1990099 


7.4168595 


.002450980 

■■ ■:■■■' — --- ,- '\ 



TABLES 



m 



SQUARES, CUBES, SC^UARE ROOTS, CUJBE ROdTS AND 

RECIPROCALS— (Continued) 



No. 


Squares 


Cubes 


Square rooU 


Cube roots 


Reciprocals 


409 


167281 


68417929 


20.2237484 


7.4229142 


.002444988 


410 


168100 


68921000 


20.2484567 


7.4289589 


.002439024 


411 


168921 


69426531 


20.2731349 


7.4349938 


.002433090 


412 


169744 


69934528 


20.2977831 


7.4410189 


.002427184 


413 


170569 


70444997 


20.3224014 


7.4470342 


.002421309 


414 


171396 


70957944 


20.3469899 


7.4530399 


.002415459 


41S 


172225 


71473375 


20.3715488 


7.4590359 


.002409639 


416 


173056 


71991296 


20.3960781 


7.4650223 


.002403846 


417 


173889 


72511713 


20.4205779 


7.4709991 


.002398082 


418 


174724 


73034632 


20.4450483 


7.4769664 


.002392344 


419 


175561 


73S60059 


20.4694895 


7.4829242 


.002386635 


420 


176400 


74088000 


20.4939015 


7.4888724 


.002380952 


421 


177241 


74618461 


20.5182843 


7.4948113 


.002375297 


422 


178084 


75151448 


20.5426386 


7.5007406 


.002369668 


423 


178929 


75686967 


20.5669638 


7.5066607 


.002364066 


424 


179776 
180625 


76225024 


20.5912603 


7.5125715 


.002358491 


425 


76765625 


20.6155281 


7^5184730 


.002352941 


426 


181476 


77308776 


20.6397674 
20.6639783 


7.5243652 


.002347418 


427 


182329 


77854483 


7.5302482 


.002341920 


4^38 


183184 


78402752 


20.6881609 


7.5361221 


.002336449 


429 


184041 


78953589 


20.7123152 


7.5419867 


.002331002 


4S0 


184900 


79507000 


20.7364414 


7.5478423 


.002325581 


431 


185761 


80062991 


20.7605395 


7.5536888 


.002320186 


432 


186624 


80621568 


20.7846097 


7.5595263 


.002314815 


433 


187489 


81182737 


20.8086520 


7.5653548 


.002309469 


434 


188356 


81746504 


20.8326667 


7.5711743 


.002304147 


435 


189225 


82312875 


20.8566536 


7.5769849 


.002298851 


436 


190096 


82881856 


20.8806130 


7.5827865 


.002293578 


437. 


190969 


83453453 


20.9045450 


7.5885793 


.002288330 


438 


191844 


84027672 


20,9284495 


7.5943633 


.002283105 


439 


192721 


84604519 


20.9523268 


7.6001385 


.002277904 


440 


193600 


85184000 


20.9761770 


7.6059049 


.002272727 


441 


194481 


85766121 


21.0000000 


7.6116626 


.002267574 


442 


195364 


86350888 


31.0237960 


7.6174116 


.002262443 


443 


196249 


86938307 


21.0475652 


7.6231519 


.002257336 


444 


197136 


87528384 


21.0713075 


7.6288837 


.002252252 


445 


198025 


88121125 


21.0950231 


7.6346067 


.002247191 


446 


198916 


88716536 


21.1187121 


7.6403213 


.002242152 


447 


199809 


89314623 


21.1423745 


7.6460272 


.002237136 


448 


200704 


89915392 


21.1660105 


7.6517247 


.002232143 


449 


201601 


90518849 


21.1896201 


7.6574138 


.002227171 


450 


2013500 


91125000 


21.2132034 


7.6630943 


.002223222 


451 


203401 


91733851 


21.2367606 


7.6687665 


.002217295 


452 


204304 


92345408 


21.2602916 


7.6744303 


.002212389 


453 


205209 


92959(577 


21.2837967 


7.6800857 


.002207506 


454 


.206116 


93576664 


21.3072758 


7.6857328 


.002202643 


455 


20702$ 


94196375 


21.3307290 


7.6913717 


.002197802 


456 


207936 


94818816 


21.3541565 


7.6970023 


.002192982 


457 


208849 


95443993 


21.3775583 


7.7026246 


.002188184 



318 NATIONAL BLECTIUJC LAMP ASSOCIATION 

SQjg^R&$, CUBES, SQUAR.^ ROOTS, CUEiE f^OT^^ AJ^D 

ikECIPRdCALS-^(Continued) 



No. 


Squares 


Cubes 

t 

r ' '■ 


Square root$ 


Cube roots 


Reciprocals 


458 


209764 


96071912 


21.4009346 


7.7082388 


.002183406 


459: 


210681 


96702579 


21.4242853 


7.7138448 


;002178649 


460 


211600 


97336000 


21.4476106 


7.^W42^ 


; 002173913. 


461 


212521 


97972181 


21.4:^09106 


7.725032$ 


.602169197 


462 


213444 


986U128 


21.4941S53 


7.7d6614l 


.002164502 


46^ . 


214369 


99252847 


21.5174348 


7.7a6187: 


.:0Q2159827 


464 


215296 


99897344 


21.5406592 


7.7417532 


.092155192 


465. 


21622S 


100544625 


21.5638597 


7.7473109 


.002150538 


466 


217156 


101194696 


21.5870331 


7.7526606 


.002145923 


46Jr 


218089 


101847563 


21.6101828 


7.7584023 


.602141328' 


468 


219024 


102503232 


21.6333077 


7.7639361 


.062156752 


469 


219961 


103161709 


21.6564078 


7^7694620 


'.06213)2196 


470 


220900 


103823000 


21.6794834 


7.77549801 


400212^660 


471 


221841 


1044871 U 


21.7025344 


7.7804904 


,002123142- 


472 


222784 


105154048 


21.7255610 


7.785992$ 


.002118644 


47^ 


223729 


10i5823817 


21.7485632 


7.7914875 


.002114165' 


474 


224676 


106496424 


21.7715411 


7.796974$ 


.002!lO97OS* 


475 


225625 


107171875 


21.7944947 


7.8024538 


.002105263 


476 


226576 


107850176 


21.8174242 


7.8079254 


.062100840 • 


477 


227529 


108531333 


21.8403297 


7.8133892 


.002096436* 


478 


228484 


109215352 


21.8632111 


7.818B456 


.002092050 


479 


229441 

i 


109902239 


21.8860686 


7.8242942 

1 


.002087683 


480 


.230400 


110592000 


21.9089023 


7.829^353 


.00208336$' 


481 


231361 


111284641 


21.9517122 


7.8351688 


.002079002 


482 


232324 


111980168 


21.9544984 


7.840S949 


.00207i46$9' 


483 


233289 


112678587 


21.9772610 


7.8460134 


.002070393^^ 


484 


23425^ 


113379904 


22.0000000 


7.8514244 


.002066116 


485 


235225 


114084125 


22.0227155 


7.8568281 


.002061856- 


486 


236196 


114791256 


22.0454077 


7.8622242 


.062057613 


487 


237169 


115501303 


22.0680765 


7.8676130 


.00205^388 


488 


238144 


116214272 


22.0907220 


7.8729944 


.062049180' 


489 


. 239121 


116930169 


22.1133444 


7.8783684 


-.06^044990'' 


490 


240100 


117649000 


22.1359436 


7.«837352' 


.002040816^ 


491 


. 241081 


118370771 


22.158519$ 


7.6)89094 > 
7.8944468 


.001036660 


492 


242064 


119095488 


22, 1810730 


; 002032520^ 


493 


243049 


119823157 


22.2036033 


7.8997917 


.002028398^ 


494 


244036 


120553784 


22.2261108 


7.9051294 


.002024291* 


495 


.245025 


121287375 


22.2485955 


7.9104599 


,00^0202.02- 


496 


246016 


122023936 


22.2710575 


7.9157832 


.002016129 


497 


247009 


122763473 


22.2934968 


7.9210994 
7.9264085 


'.00^01,2072 


498 


248004 


123505992 


22.3159136 


.00200803^ 


499 


249001 


124251499 


22.3383079 


7.9317104 


.002004008^ 


500 


250000 


1250OQO00 


22.3606798 


7.9370053' 


.d020Gi0u$0 

.001996008 

.0019920^2 

.001988072: 

.00^984127 


501 


251001 


125751501 


22.3830291 


7.942^931 


502 


252004 


126506008 


22.4053565 


7.9475739 


503 


25S009 


127263527 


22.4276615 


7.9528477 


5^04 


254016 


128024064 


22.4499443 


7.9581144 


505 


25S025 


128787625 


22.4722051 


7.9633743 


.001980198' 


506 


256036 


129554216 


22.4944438 


7.9tf8627J 


.(61976285 


507 


257049 


130323843 


22.5166605 


7.9738?31 


■ ■ ■€ #■ ^ " " ■• Mr " 

; 001 972387 


508 


258064 


131096512 


22.5388553 


7.9791122 


.001968504 



TABLES 



S19 



SQUAt^^S, CUBES, SQUARE ROOTS, CUBE ROOTS Atio 

RECIPROCALS^(Contlnued) 



No. 


Squares 


Cubes (Square roots 

1 


Cube roots 


Reciprocals 


509 


259081 


131872229 


22.5610283 


7.9843444 


.001964637 


510 


260100 


132651000 


22.5831796 


7.9895697 


.001960784 


511 


261121 


133432831 


22.6053091 


7.9947883 


.001956947 


512 


262144 


134217728 


22.6274170 


8.0000000 


.001953125 


513 


263169 


135005697 


22.6495033 


8.0052049 


.001949318 


514 


264196 


135796744 


22.6715681 


8.0104032 


.001945525 


515 


265225 


136590875 


22.6936114 


8.0155946 


.001941748 


516 


266256 


137388096 


22.7156334 


8.0207794 


.001937984 


517 


267289 


138188413 


22.7376340 


8.0259574 


.001934236 


518 


268324 


138991832 


22.7596134 


8.0311287 


.001930502 


519 


269361 


139798359 


22.7815715 


8.0362935 


.001926782 


S20 


270400 


140608000 


22.8035085 


8.0414515 


.001923077 


521 


271441 


141420761 


22.8254244 


8.0466030 


.001919386 


522 


272484 


142236648 


22.8473193 


8.0517479. 


.001915709 


523 


273529 


143055667 


22.8691933 


8.0568862 


.001912046 


524 


274576 


143877824 


22.8910463 


8.0620180 


.001908397 


525 


27562S 


144703125 


22.9128785 


8.0671432 


.001904762 


526 


276676 


145531576 


22.9346899 


8.0722620 


.001901141 


527 


. 277729 


146363183 


22.9564806 


8.0773743 


.001897533 


528 


278784 


147197952 


22.9782506 


8.0824800 


.001893939 


529 


279841 


148035889 


23.0000000 


8.0875794 


.001890359 


530 


280900 


148877000 


23.0217289 


8.0926723 


.001886792 


531 


281961 


149721291 


23.0434372 


8.0977589 


.001883239 


532 


283024 


150568768 


23.0651252 


8.1028390 


.001879699 


533 


284089 


151419437 


23.0867928 


8.1079128 


.001876173 


534 


285156 


152273304 


23.1084400 


8.1129803 


.001872659 


535 


286225 


153130375 


23.1300670 


8.1180414 


.001869159 


536 


287296 


153990656 


23-. 1516738 


8.1230962 


.001865672 


537 


288369 


154854153 


23.1732605 


8.1281447 


.001862197 


538 


289444 


155720872 


23,1948270 


8.1331870 


.001858736 


539 


290521 


156590819 


23.2163735 


8.1382230 


.001855288 


S40 


291600 


157464000 


23.2379001 


8.1432529 


.001851852 


541 


292681 


158340421 


23.2594067 


8.1482765 


.001848429 


542 


293764 


159220088 


23.2808935 


8.1532939 


.001845018 


543 


294849 


160103007 


23.3023604 


8.1583051 


.001841621 


544 


295936 


160989184 


23.3238076 


8,1633102 


.001838235 


545 


297025 


161878625 


23.3452351 


8.1683092 


.001834862 


546 


298116 


162771336 


23.3666429 


8.1733020 


.001831502 


547 


299209 


163667323 


23.3880311 


8.1782888 


«001828154 


548 


300304 


164566592 


23.4093998 


8.1832695 


.001824818 


549 


301401 


165469149 


23.4307490 


8.1882441 


.001821494 


550 


302^00 


166375000 


23.4520788 


8.1932127 


.001818182 


551 


303^1 


167284151 


23.4733892 


8.1981753 


.001814882. 


552 


304704 


168196608 


23.4946802 


8.2031319 


.001811594 


553 


305809 


169112377 


23.5159520 


8.2080825 


.001808318 


SS4 


306916 


170031464 


23.5372046 


8.2130271 


.001805054 


555 


308025 


170953875 


23.5584380 


8.2179657 


.001801802 


556 


309136 


171879616 


23.5796522 


8.2228985 


.001798561 


557 


310249 


172808693 


23.6008474 


8.2278254 


.001795332 


'558 


311364 


173741112 


23.6220236 


8.2327463 


.001792115 


559 


312481 


174676879 


23.6431808 


8.2376614 


.001788909 



Ub KAT?I0NAL EL.ECl'RIC LAMi* ASSOCIATiON 

SOU ARES,. CUBES, SQUARE ROOTS, CUSE ROOTS AND 

RECIPROCALS— (Continued) 



No. 


Squares 


Cubes 


Square roots 


Cube roots 


keciproc«]s 


560 


313600 


175616000 


23.6643191 


8.2425706 


.001785714 


561 


314721 


176558481 


23.6854386 


8.2474740 


.001782531 


56a 


315844 


177504328 


23.7065392 


8.2523715 


.001779359 


563 


316969 


178453547 


23.7276210 


8.2572633 


.001776199 


564 


318096 


179406144 


23.7486842 


8.2621492 


.001773050 


565 


319225 


180362125 


23.7697286 


8.2670294 


.001769912 


566 


320356 


181321496 


23.7907545 


8.2719039 


.001766784 


567 


321489 


182284263 


23.8117618 


8.2767726 


.001763668 


568 


322624 


183250432 


23.8327506 


8.2816355 


.001760563 


569 


323761 


184220009 


23.8537209 


8.2864928 


.001757469 


570 


324900 


185193000 


23.8746728 


8.2913444 


.001754386 


571 


326041 


186169411 


23.8956063 


8.2961903 


.001:^51343 


572 


327184 


187149248 


23.9165215 


8.3010304 


.001748252 


573 


328329 


188132517 


23-9374184 


8.3058651 


.001745201 


574 


329476 


189119224 


23.9582971 


8.3106941 


.001742160 


575 


330625 


190109375 


23.9791576 


8.3155175 


.001739130 


576 


331776 


191102976 


24.0000000 


8.3203353 


.001736111 


577 


332929 


192100033 


24.0208243 


8.3251475 


.001733^102 


578 


334084 


193100552 


24.0416306 


8.3299542 


.001730104 


579 


335241 


194104539 


24.0624188 


8.3347553 


.001727116 


580 


336400 


195112000 


24.0831891 


8.3395509 


.001724138 


581 


337561 


196122941 


24.1039416 


8.3443410 


.001721170 


582 


338724 


197137368 


24.1246762 


8.3491256 


.001718213 


583 


339889 


198155287 


24. 1453929 


8.3539047 


.001715266 


584 


341056 


199176704 


24.1660919 


8.3586784 


.001712329 


585 


342225 


200201625 


24.1867732 


8.3634466 


.001709402 


.586 


343396 


201230056 


24.2074369 


8.3682095 


.001706485 


587 


344569 


202262003 


24.2280829 


8.3729668 


.001703578 


588 


345744 


203297472 


24.2487113 


8,3777188 


.001700680 


589 


346921 


204336469 


24.2693222 


8.3824653 


.001697793 


590 


348100 


205379000 


24.2899156 


8.3872065 


.001694915 


591 


349281 


206425071 


24.3104916 


8.3919423 


.001692047 


592 


350464 


207474688 


24.3310501 


8.3966729 


.001689189 


593 


351649 


208527857 


24.3515913 


8.4013981 


.001686341 


594 


352836 


209584584 


24.3721152 


8.4061180 


.001683502 


595 


354025 


21064487S 


24.3926218 


8.4108326 


.001680672 


596 


355216 


211708736 


24.4131112 


8.4155419 


.001677852 


597 


356409 


212776173 


24.4335834 


8.4202460 


.001675042 


598 


357604 


213847192 


24.4540385 


8.4249448 


.001672241 


599 


358801 


2L4921799 


24.4744765 


8.4296383 


.001669449 


.600 


360000 


216000000 


24.4948974 


8.4343267 


.001666667 


601 


361201 


217081801 


24.5153013 


8.4390098 


.001663894 


602 


362404 


218167208 


24.5356883 


8.4436877 


.001661130 


603 


363609 


219256227 


24.5560583 


8.4483605 


.001658375 


604 


364816 


220348864 


24.5764115 


8.4530281 


.001655629 


60S 


366025 


221445125 


24.5967478 


8.4576906 


.001652893 


606 


367236 


222545016 


24.6170673 


8.4623479 


.001650165 


607 


368449 


223648543 


24.6373700 


8.4670001 


.001647.446 


608 


369664 


224755712 


24.6576560 


8.4716471 


.001644737 


609 


370881 


225866529 


24.6779254 


8.4762892 


.001642036 


610 


372100 


226981000 


24.6981781 


8.4809261 


.001639344 



TABLES 

SQUARES, CUBES, SQUARE ROOTS, CUBE 

RECIPROCALS— (Continued) 
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ROOTS ANP 



No. 


Squares 


Cubes 


Square roots 


Cube roots 


Reciprocals 


611 


373321 


228099131 


24.7184142- 


8.4855579 


.001636661 


612 


374544 


229220928 


24.7386338 


8.4901848 


.001633987 


613 


375769 


230346397 


24.7588368 


8.4948065 


.001631321 


614 


376996 


231475544 


24.7790234 


8.4994233 


.001628664 


615 


378225 


232608375 


24.7991935 


8.5040350 


.001626016 


616 


379456 


233744896 


24.8193473 


8.5086417 


.001623377 


617 


380689 


234885113 


24.8394847 


8.5132435 


.001620746 


618 


381924 


236029032 


24.8596058 


8.5178403 


.001618123 


619 


383161 


237176659 


24.8797106 


8.5224321 


.001615509 


620 


384400 


238328000 


24.8997992 


8.5270189 


.001612903 


621 


385641 


239483061 


24.9198716 


8.5316009 


.001610306 


622 


386884 


240641848 


24.9399278 


8.5361780 


.001607717 


623 


388129 


241804367 


24.9599679 


8.5407501 


.001605136 


624 


389376 


242970624 


24.9799920 


B. 5453173 


.001602564 


625 


390625 


244140625 


25.0000000 


8.5498797 


.001600000 


626 


391876 


245314376 


25.0199920 


8.5544372 


.001597444 


627 


393129 


246491883 


25.0399681 


8.5589899 


.001594896 


628 


394384 


247673152 


25.0599282 


8.5635377 


.001592357 


629 


395641 


2488S8189 


25.0798724 


8.5680807 


.001589825 


630 


396900 


250047000 


25.0998008 


8.5726189 


.001587302 


631 


398161 


251339591 


25.1197134 


8.5771523 


.001584786 


632 


399424 


252435968 


2Sa396102 


8.5816809 


.001582278 


633 


400689 


253636137 


25.1594913 


8.5862047 


.001579779 


634 


401956 


254840104 


25.1793566 


8.5907238 


.00t577287 


635 


403225 


256047875 


25.1992063 


8.5952380 


.001574803 


636 


404496 


257259456 


25.2190404 


8.5997476 


.004572327 


637 


405769 


2584748S3 


25.2388589 


8.6042525 


.001569859 


638 


407044 


259694072 


25.2586619 


8.6087526 


.001567398 


639 


408321 


260917119 


25.2784493 


8.6132480 


.001564945 


640 


409600 


262144000 


25.2982213 


8.6177388 


.001562500 


641 


4108^1 


2633747^1 


2S. 3179778 


8.6222248 


.001560062 


642 


412164 


264609288 


25.3377189 


8.6267063 


.001557632 


643 


413449 


265847707 


25.3574447 


8.6311830 


.001555210 


644 


414736 


267089984 


25.3771551 


8.6356551 


.001552795 


645 


416025 


268336125 


25.3968502 


8.6401226 


.001550388 


646 


417316 


269586136 


25.4165301 


8.6445855 


.001547988 


647 


418609 


270840023 


25.4361947 


8.6490437 


.001545595 


648 


419904 


272097792 


25.4558441 


8.6534974 


.001543210 


649 


421201. 


273359449 


25.4754784 


8.6579465 


.001540832 


650 


422500 


274625000 


25.4950976 


8.6623911 


.001538462 


651 


423801 


275894451 


25.5147016 


8.6668310 


.001536098 


652 


425104 


277167808 


25.5342907 


8.6712665 


.001533.742 


653 


426409 


278445077 


25.5538647 


8,6756974 


.001531394 


654 


427716 


279726264 


25.5734237 


8.6801237 


.001529052 


655 


429025 


• 281011375 


25.5929678 


8.6845456 


.001526718 


656 


43Q336 


282300416 


25.6124969 


8.6889630 


.001524390 


657 


431649 


283593393 


25.6320112 


8.6933759 


.001522070 


658 


432964 


284890312 


25.6515107 


8.6977843 


.001519757 


659 


434281 


286191179 


25.6709953 


8.7021882 


.001517451 


660 


435600 


287496000 


25.6904652 


8.7065877 


.001515152 


661 


436921 


288804781 


25.7099203 


8.7109827 


.001512859 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS AND 

RECIPROCALS— (Continued) 



No. 


Squares 


Cubes 


Square roots 


Cube roots 


Reciprocals 


662 


438244 


290117528 


25.7293607 


8.7153734 


.001510574 


663 


439569 


291434247 


25.7487864 


8.7197596 


.001508296 


664 


440896 


292754944 


25.7681975 


8.7241414 


.001506024 


665 


442225 


294079625 


25.7875939 


8.7285187 


.001503759 


666 


4435S6 


295408296 


25.8069758 


8.7328918 


.001501502 


667 


444889 


296740963 


25.8263431 


8.7372604 


.001499250 


668 


446224 


298077632 


25.8456960 


8.7416246 


.001497006 


669 


447561 


299418309 


25.8650343 


8.7459846 


.001494768 


670 


448900 


300763000 


25.8843582 


8.7503401 


.001492537 


671 


450241 


302111711 


25.9036677 


8.7546913 


.001490313 


672 


451584 


303464448 


25.9229628 


8.7590383 


.001488095 


673 


452929 


304821217 


23.9422435 


8.7633809 


.001485884 


674 


454276 


306182024 


25.961S100 


8.7677192 


.001483680 


675 


455625 


307546875 


25.9807621 


8.7720S32 


.00148H81 


676 


456976 


308915776 


26.0000000 


8.7763830 


,001479290 


677 


458329 


310288733 


26.0192J37 


8.7807084 


.001477105 


678 


459684 


311665752 


26.0384331 


8.7850296 


.001474926 


679 


461041 


313046839 


26.0576284 


8.7893466 


.001472754 


680 


462400 


314432000 


26.0768096 


8.7936593 


.001470588 


681 


463761 


315821241 


26.09S9767 


8.7979679 


.001468429 


682 


465124 


317214568 


26,1151297 


8.8022721 


.001466276 


683 


466489 


318611967 


26.^1342687 


8.8065722 


.001464129 


684 


467856 


320013504 


26.1533937 


8.8108681 


.001461988 


685 


. 469225 


321419125 


26.1725047 


8.8151598 


.001459854 


686 


470596 


322828856 


26.1916017 


8.8194474 


.001457726 


687 


471969 


324242703 


26.2106848 


8.8237307 


.001455604 


688 


473344 


32S660672 


26.2297541 


8.8280099 


.001453488 


689 


474721 


327082769 


26.2488095 


8.8322850 


.001451379 


690 


476100 


328509000 


26.2678S11 


8.8365559 


.001449275 


691 


477481 


329939371 


26.2868789 


8.8408227 


.001447178 


692 


478864 


331373888 


26.3058929 


8.8450854 


.001445087 


693 


480249 


332812557 


26.3248932 


8.8493440 


.001443001 


694 


481636 


334255384 


26.3438797 


8.8535985 


.001440922 


695 


488025 


33S7Q2375 


26.3628527 


8.8578489 


.001438849 


696 


484416 


337153536 


26.3818119 


8.8620952 


.001436782 


697 


485809 


338608873 


26.4007576 


8.8663375 


.001434720 


698 


487204 


340068392 


26.4196896 


8.8705757 


.001432665 


699 


488601 


341532099 


26.4386081 


8.8748099 


.001430615 


700 


490000 


343000000 


26.4575131 


8.8790400 


.001428571 


701 


491401 


344472101 


26.4764046 


8.8832661 


.001426534 


702 


493804 


345948408 


26.4952826 


8.8874882 


.001424501 


703 


494209 


347428927 


26.5141472 


8.8917063 


.001422475 


704 


495616 


348913664 


26.5329983 


8.8959204 


.001420455 


70S 


497025 


350402625 


26.5518361 


8.9001304 


.001418440 


706 


498436 


351895816 


26.5706605 


8.9043366 


.001416431 


707 


499849 


353393243 


26.5894716 


8.9085387 


.001414427 


708 


501364 


354894912 


26.6082694 


8.9127369 


.001412429 


709 


50268 1 


356400829 


26.6270539 


8.9169311 


.001410437 


710 


504100 


357911000 


26.6458252 


8.9211214 


.001408451 


711 


505521 


359425431 


26.6645833 


8.9253078 


.001406470 


712 


506944 


360944128 


26.6833281 


8.9294902 


.001404494 



TABLES 
SQUAREB'VCUBeB. SQUARE RO( 



DOTS, CUBS ROOTS AND 

(Continued) 



713 


. 508169 


3S24S7097 


26.7020598 


£ 93366B7 


001401525 








26.7207784 


8:9378*33 


301 00560 


715 


51122S 


365525875 


26.7394S39 






716 










301 96648 








26! 77685 57 


8:9503438 


Ml 94700 


718 


S15S24 


370146232 
















8:9586581 


001 90821 


7M 


S18400 


37324SO0O 


6.B32B 57 


8.9628095 


001388889 






3T4805361 






[>0138 9 3 


722 


'531284 


376367048 


6:8700 77 


8:9711007 


1)01381126 






J7791i067' 


6.B8S6 93 










6.9072 81 


8 : 9793766 


00138 2 5" 


;i 


52562S 


381078125 


6.9258 40 


8.9835089 


00137 3 




3g36!7I76 






ODI37 4 


7W 


S28529 


38*248583 


6!9639 75 


8:9917620 


00137 5 6 




S299S4 


385838352 




8.9958629 




729 






27:0000 00 


9.0000000 


00137 7 2 


730 


533900 


389017900 


27.0185122 


9.0041134 


001 6*863 


731 


534361 


390617891 


27:0370117 


9. 0082229 


001 67989 




535824 


392223168 


37.0554985 






733 






27.0739727 


9;0164309 


301 64256 




538756 




27.0934344 


9.0205393 


001 6239B 






J97«SJ75 




9.0246239 


001 60544 


736 


541696 




27:1293199 


9.0287149 


001 58696 






400)15553 






OOt 56852 


738. 


544644 


401947272 


27:J661554 


9:0368857 , 


001 SS014 




546121 


40SSB3419 


27.1845 544 


9.0409655 


001 SJ180 


74B 


00 


, 405324000 


27.2029410 


9.045 417 


00135 3SI 














742 , 


64 


40BS184B8 


27:2396769 


9:053 831 


001347709 






410172407 


27.2580263 




00134 895 




36 








001344086 


74S 


25 


413493625 


27:2946881 


9.065 677 


00134 282 






41S160936 








747 


„..09 


416832733 


27:3313007 


9:0734726 


00133 688 


748 








9.0775197 


00133 898 


749 


561001 


420189749 


27:3678644 


9.081S631 




7 


5^2500 


421S75000 


27.3861279 


9 0856030 


001333333 






433564751 


27.4043792 


9: 0896392 


001331S5B 






4352S90OS 


27.4236184 




001329787 


7 3 




426957777 








/ 4 . 




4 8661064 


27:4590604 


9.1017265 


001326260 


7 S 












7 6 


7IS36 


4 2081216 


37:4954543 


9: 1097669 


001322751 








27.5136330 


9.1137818 


001321004 


7 a . 


574564 


4 5519512 


27.5317998 






79 


576081 


4 1245479 


27.5499546 


9:1218010 


001317523 


760 


577600 


438976000 


27.5680975 


9.1258053 


001315789 


761 














SR0644 


443450728 


37:6043475 


9: 1338034 


001313336 


7fi3 


S82169 




27.6234546 


9.1377971 


001310616 



NATIONAL ELECTRIC 1.AMP ASSOCIATION 



No. 


Square 




„ 


Rcciprocab 


;m 


583696 


445943744 


27.6405499 


9.J4I7874 


.001308901 


765 


S8SZZ5 






9.1457742 




7«6 


5S6756 








.001305483 


767 


588289 


4 1217663 


27:6947648 




.001303781 








27.7128129 


9.1577139 


.001302083 












.001300390 


770 


592900 


4S6S33000 


27.7488 9 


9.16 6365 


001298701 










9.16 6225 


loo 297017 


773 


S9S984 




2717848880 




.00 295337 


773 


597529 


461889917 


27.8028 5 










463684824 




9.18 500J 


.00 291990 




600625 




27^8388 8 




.00 290323 


776 


602176 


467288S76 


27.8567 66 


9: 18 4018 


.00 28«660 






46909743J 


27.8747 7 


9.19 3474 


.00 287001 










9.19 2897 


.00 28S347 


779 


606841 


472729139 


27".9105 5 




.00 283697 






474552000 






.001282051 


781 


609961 




2719463772 






783 


61152* 


478211768 


27.9642629 


9:2130250 


l001278772 












.001277139 


784 


614656 




28 ! 0000000 






785 




483736625 


2S.01J8S 5 


9:2247914 


100127388S 












.001272265 


787 


619369 


487443403 


28: 05352 J 




.001270648 






489303872 


28.07133 7 


9.2365277 


.001269036 








28.0891438 


9.2404333 


.001267427 


790 


624100 


493039000 


28.1069386 


9.24W3S5 


.00 265823 














7M 


627264 


496793088 




912521300 


loo 2 2626 






98 77257 


28.1602557 


9.2560224 


.00 2 1034 








28.1780056 




.00 2 9446 


79S 


632025 


02 59875 




912637973 


.00 2 7862 


796 




04 58336 


28:2134720 


9.2676798 


.00 2 6281 




635209 




28.2311884 


9.2715592 


.00 2 470S 


798 




OS 69592 






.00 2 3133 




63S401 


510082399 


28:2665881 


912793081 


.00 2 1564 




640000 














13922401 


28:3019434 




1001248439 


802 


643204 




28.31960 5 


9.2909072 


.00 246883 


SOJ 










.00 245 30 






197 8464 


28:35489 8 


912986239 


.00 243 81 


805 


648025 




28.37252 9 


9.3024775 






649636 


236 6616 












255 7943 


28:40774 4 


913101750 


-00 239 57 


803 


652864 












654481 


294 5129 


28:44292 3 


913178599 


loo 236094 


810 






28.4604989 




.0012 4S6S 




657721 


533411731 


28.4780617 


913255320 


.0012 30M 








28.4956137 


9.3293634 


.0012 1527 


RU 




537367797 


28.5131549 








662596 


539353144 


28.5306852 


913370167 


1001228501 



TABLES 



tt6 



SQUARE8» CUBE8, SQUARE ROOT8, CUBE ROOTS AND 

RECtPROCALS—CContlnued) 



Na 


Squares 


Cubes 


Square roots 


Cube roots 


Reciprocals 


815 


664225 


541343375 


28.5482048 


9.3408386 


.001226994 


816 


665856 


543338496 


28.5657137 


9.3446575 


.001225490 


.817 


667489 


545338513 


28.5832119 


9.3484731 


.001223990 


818 


669124 


547343432 


28.6006993 


9.3522857 


.001222494 


819 


670761 


549353259 


28.6181760 


9.3560952 


.001221001 


820 


672400 


551368000 


28.6356421 


9.3599016 


.001219512 


821 


674041 


553387661 


28.6530976 


9.3637049 


.001218027 


B22 


675664 


555412248 


28.6705424 


9.3675051 


.001216545 


823 


677329 


557441767 


28.6879766 


9.3713022 


.001215067 


824 


678976 


559476224 


28.7054002 


9.3750963 


.001213592 


825 


680625 


561515625 


28.7228132 


9.3788873 


.001212121 


826 


682276 


563559976 


28.7402157 


9.3826752 


: 001210654 


827 


683929 


565609283 


28.7576077 


9.3864600 


.001209190 


828 


685584 


567663552 


28.7749891 


9.3902419 


.001207729 


829 


687241 


569722789 


28.7923601 


9.3940206 


.001206273 


830 


688900 


571787000 


28.8097206 


9.3977964 


.001204819 


831 


690561 


573856191 


28.8270706 


9.4015691 


.061203369 


832 


692224 


575930368 


28.8444102 


9.4053387 


.001201923 


333 


693889 


578009537 


28.8617394 


9.4091054 


.001200480 


834 


695556 


580093704 


28.8790582 


9.4128690 


.001199041 


835 


697225 


582182875 


28.8963666 


9.4166297 


.001197605 


836 


698896 


584277056 


28.9136646 


9.4203873 


.O0U96172 


837 


700569 


586376253 


28.9309523 


9.4241420 


.001194743 


838 


702244 


588480472 


28.9482297 


9.4278936 


.001193317 


839 


703921 


590589719 


28.9654967 


9.4316423 


.001191895 


840 


705600 


592704000 


28.9827535 


9.4353880 


.001190476 


841 


707281 


594823321 


29.0000000 


9.4391307 


.001189061 


842 


708964 


596947688 


29.0172363 


9.4428704 


.001187648 


843 


710649 


599077107 


29.0344623 


9.4466072 


.001186240 


844 


712336 


601211584 


29.0516781 


9.4503410 


.001184834 


845 


714025 


603351125 


29.0688837 


9.4540719 


.001183432 


846 


715716 


605495736 


29.0860791 


9.4577999 


.001182033 


847 


717409 


607645423 


29.1032644 


9.4615249 


.001180638 
.001179245 


848 


719104 


609800192 


29.1204396 


9.4652470 


849 


720801 


611960049 


29.1376046 


9.4689661 


001177856 


850 


722500 


614125000 


29.1547595 


9.4726824 


001176471 
.001175088 


851 


724201 


616295051 


29.1719043 


9.4763957 


852 


725904 


618470208 


29.1890390 


9.4801061 


.001173709 
.001172333 


853 


727609 


620650477 


29p2061637 


9.4838U6 


854 


729316 


622835864 


29.2232784 


9.4875182 


.001170960 


855 


731025 


625026375 


29,2403830 


9.4912200 


.001169591 


856 


732736 


627222016 


29.2574777 


9.4949188 


.001168224 


857 


734449 


629422793 


29.2745623 


9.4986147 


.001166861 


858 


736164 


631628712 


29.2916370 


9.5023078 


.001165501 


859 


737881 


633839779 


29.3087018 


9 t 5059980 


.001164144 


860 


739600 


636056000 


29.3257566 


9.5096854 


.001162791 


861 


741321 


638277381 


29.3428015 


9.5133699 


.001161440 


862 


743044 


640503928 


29.35983651 


9.5170515 


.001160093 


863 


744769 


642735647 


29.3768616 


9.5207303 


.001158749 


864 


746496 


644972544 


29.3938769 


9.5244063 


.001157407 


863 


748225 


647214625 


29.4108823 


9.5280794 


.001156069 
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NATIONAL ELECTRIC LAMP ASSOCIATION 



SQUARES^ CUBES, SQUARE ROOTS, C^ BE ROOTS /\ND 

REQIFROCAir8^(Conl^n^e«l) 



Na 


Squares 


Cubes (Square roots 
1 


Cube roots 


Reciprocals 


866 


749956 


649461891s 


29.4278779 


9.5317497 


.001154734 


867 


751689 


6S1?14363 


29.4448637 


9.5354172 


.001153403 


.868 . 


753424 


653972032 


29.4618397 


9.5390818 


.001152074 


869 


755161 


656234909 


29.4788059 

1 


9.5427437 


.001150748 


870 . 


756^00 


658503000 


29.4957624 


9.5464027 


.001149425 


871 


758641 


660776311 


29.5127091 


9.5500589 


.001148106 


872 


760384 


663054848! 


29.5296461 


9:5537123 


.001146789 


873 


762129 


665S38617 


29.5465734 


9.5573630 


.001145475 


874 


763JB76 


667627624 


29.5634910 


9.5610108 


.001144165 


875 


765625 


669921875 


29.5803989 


9.5646559 


.001142857 


876 


767376 


672221376 


29.597.2972 


9.5682982 


.001141553 


877 


769129 


674526133 


29.6141858 


9.5719377 


.001140251 


.878 


770884 


676836152 


29.6310648 


9.5755745 


.001128952 


879 


772641 


679151439 


29.6479342 


9.5792085 


,.001137656 


880 


774400 


681472000 


29.6647939 


9.5828397 


.001136364 


881 


776161 


683797841 


29.6816442 


9,5864682 


.00U3S074 


882 


777924 


686128968 


29.6984348 


9.5900939 


.001133787 
.001132503 


883 


779689 


688465387 


29.7153159 


9.5937169 


884 


781456 


690807104 


29.7321375 


9.5973373 


.001131222 


685 


783225 


693154125 


29.7489496 


9.6009548 


.001129944 


886 


784996 


695506456 


29.7657521 


9.6045696 


,001128668 


887 


786769 


697864103 


29.7825452 


9.6081817 


.001127396 


888 


788544 


700227072 


29.7993289 


9.6tl79Jl 


.001126126 


689 


790321 


702595369 


29.8161030 


9.6153977 


.001124859 


890 


792100 


704969000 


29.8328678 


9.6190017 


.001123596 


891 


793881 


707347971 


29.8496231 


9.6226030 


,4)01122334 


892 


795664 


709732288 


29.8663690 


9.6262016 


.001121076 


893 


797449 


712121957, 


29.8831056 


9:6297975 


.>001 119821 


894 


799236 
801D25 


714516984 


29.8998328 


9.63339P7 


.^01118568 


895 


716917375 


29.9165506 


9,6369812 


,001117318 


996 


802816 


719323136 


29.9332591. 


9.^405690 


.001116071 
.001114827 


897 


804609 


721734273 


29.9499583 


9.6441542 


898 


806404 


724150792 


29,9666481 


9.6477367 


..001113586 


899 


808201 


7265726^9 


29:9833287 


9..6513166 


.001112347 


900 


810000 


729000000 


30.0000000 


9.6548938 


.001111111 


901 


811801 


731432701 


30.0166620 


9.6584684 


.001109878 


90^ ' 


813604 


7.33870808 
7J6514327 


^0.0333148 


9.6620403 


.001108647 


903 


015409 


30.0499584 


9.6656096 


.001107420 


904 


817216 


738763264 


30.0065928 


9.6691762 


.001106195 


905 


819025 


741217625 


30.0832179 


9.6727403" 


.001104972 


906 


820836' 


743677416 


30.0998339 


9.6763017 


.001103753 


907 


822649, 


746142643 


30.1164407 


9.6798604 


.0011Q2536 


908 


824464 


748613312 


30.1330383 


9.6834166 


.00110U22 


909 


826281 


7S1089429 


30.1496269 


9.6869701 


.001100110 


910 


828100 


753571000 


30.1662063 


9. 69051211 


.001098901 
.001097695 


911 


829921 


756a58031 


30,1827765 


9,6940694 


912 


§31744 


758550528 
761048497 


30.1993377 


9.6976151 


.001096491 


913 ' 


833569 


30.2158899 


9.7011583 


..0010952^0 


914 


835396 


763551944 


30.2324329 


9.7046989 


.001094092 


91S 


837225 


766060875 


30,2489669 


9.7082369 


.001092896 


916 


839056 


768575296 


30.2654919 


9.7117723 


.001091703 



TABI,B>S 



327 



SQUARES, CUBES, -SQUARE ROOTS, CUBE ROOTS AND 

RECIPflOCA1.9-^(C0iitinued) 



No. 


Squares 


Cubes 


Square roots 


Cube roots 


Reciprocals 


917 


840899 


771095213 


30.2820079 


9.7153051 
9.7188354 


.001090513 


918 


842724 


773620632 


30.2985148 


.001089325 


919 


844561 


776151559 


30.3150128 


9.7223631 


.001088139 


920 


846400 


778688000 


30.3315018 


9.7258883 


.001086957 


921 


848241 


7^1229961 


30.3479818 


9.7294109 


.001085776 


922 


850084 


783777448 


30.3644529 


9.7329309 


.001084599 


923 


851929 


786330467 


30.3809151 


9.7364484 


.001083424 


924 


85377^ 


788889024 


30.3973683 


9.7399634 


.001082251 


925 


855625 


791453125 


30.4138127 


9.7434758 


.001081081 


926 


857476 


794022776 


30.4302481 


9.7469857 


.001079914 


927 


859329 


796597983 


30.4466747 


9.7504930 


.001078749 


928 


861184 


799178752 


30.4630924 
3O.47950l3, 


9.7539979 


.001077586 


929 


863041 


801765089 


9.7575002 


.001076426 


930 


864900 


«04357000 


30.4959014 


9.7610001 


.001075269 


931 


866761 


806954491 


30.5122926 


9.7644974 


.001074114 


932 


868624 


809557568 


30.5286750 


9.7679922 


.001072961 


933 


'870489 
872356 


812166237 


30.5450487 


9.7714845 


.001071811 


934 


814780504 


30.^5614136 


9.7749743 


.001070664 


935 


874225 


S17400375 


30.5777697 


9.7784616 


.001069519 


936 


876096 


820025856 


30.'5941171 


.9.7819466 


.001068376 


937 


877969 


822656953 


30.6104557 


9.7854288 
9.7889087 


.001067236 


938 


879844 


825293672 


30.6267857 


.001066098 


939 


881721 


827936019 


30 ..6431069 


9.7923861 


.001064963 


940 


883600 


830584000 


30.4594194 


9.795861.1 


.001063830 
.001062699 


941 


885481 


833237621 


30.J6757233 


9.7993336 


942 


887364 


$35896888 


30.'6920185 


9.8028036 


.001061571 


943 


889249 


'838561807 
841232384 


30.7083051 


9.8062711 


.001060445 


944 


891136 


30.7245830 


.9.8097362 


.001059322 


945 


893025- 


843908625 


.30.7408523 


9.8131989 


.001058201 


946 


894916 


846590536 


30.7571130 


9.8166591 


.001057082 


947 


896809 


849278133 


30.7733651 


9.8201169 


.001055966 


948 


898704 


851971392 


30.7896086 


9.8235723 


.001054852 


949 


900601 


»54670349 


30.8058436 


9.8270252 


.001053741 


950 


902500 


857375000 


30.^220700 


9.8304757 


.001052632 


951 


904401 


860085351 


30.8382879 


9.8339238 


.001051525 


952 


906304 


86280140S 


30.8544972 


9.8373695 


.001050420 


953 


908209 


865523177 


30.8706981 


9.8408127 


^001049318 


954 


910116 


868250664 


30.8868904 


9.8442536 


.001048218 


955 


912025 


870983875 


30.9030743 


9.8476920 


.001047120 


956 


913936 


873722816 


30 ..91 92497 


9.8511280 


» 00 1046025 


957 


915849 


876467493 


30.9354166 


9 8545617 


.001044932 


958 


917764 


87921794^ 


30.9515751 


9.8579929 


.001043841 
.00104^753 


959 


919681 


881974tJ79 


3J0 .9677251 


9.8614218 


960 


921600 


884736000 


30.9838668 


9.8648483 


^001041667 


961 


923521 


887-503681 
890277i28 


31.0000000 


9.8682724 


.001040583 


943 


925444 


31.0161248 


9.8716941 


.001039501 


963 


927369 


893056347 
^9584 1344 


31 .0322413 
31.0483494 


9.875U3S 


.001038422 


964 


929296 


<9. 8785305 


;Q01Q37344 
.001036269 


965 


931225 


898632125 


31 .(i644491 


9.8819451 


966 


9331 56 


901428696 


31.0805405 


9.8853574 


.001035197 


967 


935089 


904231063 


31.0966236 


9.8887673 


.001034126 
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NATIONAL ELECTRIC LAMP ASSOCIATION 



SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS AND 

RECIPROCALS— (Continued) 



No. 


Squares 


Cubes 


Square roots 


Cube roots 


Reciprocals 


968 


937024 


907039232 


31.1126984 


9.8921749 


.001033058 


969 


938961 


909853209 


31.1287648 


9.8955801 


.001031992 


970 


940900 


912673000 


31.1448230 


9.3989830 


.001030928 


971 


942841 


915498611 


31.1608729 


9.9023835 


.001029866 


972 


944784 


918330048 


31.1769145 


9.9057817 


.001028807 


973 


946729 


921167317 


31.1929479 


9.9091776 


.001027749 


974 


948676 


924010424 


31.2089731 


.9.9125712 


.001026694 


975 


950625 


926859375 


31.2249900 


9.9159624 


.001025641 


976 


952576 


929714176 


31.2409987. 


9.9193513 


.001024590 


977 


954529 


932574833 


31.2569992 


9.9227379 


.001023541 


978 


956484 


935441352 


31.2729915 


9.9261222 


.001022495 


979 


958441 


938313739 


31.2889757 


9.9295042 


.001021450 


980 


960400 


941192000 


31.3049517 


9.9328839 


.001020408 


981 


962361 


944076141 


31.3209195 


9.9362613 


.001019368 


982 


964324 


946966168 


31.3368792 


9.9396363 


.001018330 


983 


966289 


949862087 


31.3528308 


9.9430092 


.001017294 


984 


968256 


952763904 


31.3687743 


9.9463797 


.001016260 


985 


970225 


955671625 


31.3847097 


9.9497479 


.001015228 


986 


972196 


958585256 


31.4006369 


9.9531138 


.001014199 


987 


974169 


961504803 


31.4165561 


9.9564775 


.001013171 


988 


976144 


964430272 


31.4324673 


9.9598389 


.001012146 


989 


978121 


967361669 


ai. 4483704 


9.9631981 


.001011122 


990 


980100 


970299000 


31.4642654 


9.9665549 


.001010101 


991 


982081 


973242271 


31.4801525 


9.9699095 


.001009082 


992. 


984064 


976191488 


31,4960315 


9.9732619 


.001008065 


993 


986049 


979146657 


31.5119025 


9.9766120 


.001007049 


994 


988036 


982107784 


31.5277655 


9.9799599 


.001006036 


995 


990025 


985074875 


31.5436206 


9.9833055 


.001005025 


996 


992016 


988047936 


31.5594677 


9.9866488 


.001004016 


997 


994009 


991026973 


31.5753068 


9.9899900 


.001003009 


998 


996004 


994011992 


31.5911380 


9.9933289 


.001002004 


999 


998001 


997002999 


31.6069613 


9.9966656 


.001001001 


1000 


1000000 


1000000000 


31.6227766 


10.0000000 


.001000000 


1001 


1002001 


1003003001 


31.6385840 


10.0033322 


.0009990010 


1002 


1004004 


1006012008 


31.6543836 
31.6701752 


10.0066622 


,.0009980040 


1003 


1006009 


1009027027 


10.0099899 


.0009970090 


1^04 


1008016 


1012048064 


31.6859590 


10.0133155 


.0009960159 


1005 


1010025 


101507S125 


3f. 7017349 


10.0166389 


.0009950249 


1006 


1012036 


1018108216 


31.7175030 


10.0199601 


.0009940358 


1007 


1014049 


1021147343 


31.7332633 


10.0232791 


.0009930487 


1008 


1016064 


1024192512 


31.7490157 


10.0265958 


.0009920635 


1009 


1018081 


1027243729 


31.7647603 


10.0299104 


.0009910803 


1010 


1020100 


1030301000 


31.7804972 


10.0332228 


.0009900990 


ICll 


1022121 


1033364331 


31.7962262 


10.0365330 


.0009891197 


1012 


1024144 ] 


1036433728 


31.8119474 


10.0398410 


.0009881423 


1013 


1026169 


1039509197 


31.8276609 


10.0431469 


.0009871668 


1014 


1028196 


1042590744 


31.8433666 


10.0464S06 


.0009861933 


1015 


1030225 


1045678375 


31.8590646 


10.0497521 


.0009852217 


1016 


1032256 


1048772096 


31.8747549 


10.0530514 


.0009842520 


1017 


1034289 


1051871913 


31.8904374 


10.0563485 


.0009832842 


1018 


1036324 


1054977832 


31.9061123 


10.0596435 


.0009823183 


1019 


1038361 


1058089859 


31.9217794 


10.0629364 


.0009813543 
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DEFINITIONS 



DEFINITIONS SII 

DSPINITIONS 



^ A. Q.; Abbreviation for alterziating current. 

..Accumulator: Stdr&ffe battery. 

Alternating Current: Current which flows alternately In 
CQDpoeite ilirections in a circuit. . 

" Alterrrator: A machine for sfenerating alternating current. 

Ammeter: An instrument for measuring electric current 
(amperes). 

Ampere: The unit bf electric current. The rate of flow of 
electricity in a circuit is measured in amperes. An ampere 
I4 such a rate of flow as will deposit 0.001118 grams of silver 
per second from a standard solution of silver nitrate. 

Ampere- Hour: A unit of ouantlty of electric flow. One 
ftmperei flowing for one hour is a quantity of flow equal to 
one ampere-hour. One ampere-hour is equal to 3606 cou- 
lombs. 

Ampere-Turn: A unit of magnetizing force. It is that 
magnetizing force which is given by one turn of a coil 
carrying one ampere. 

Angle of Incidence: Tire angle which a ray of light 
striking a surfiace makes with the normal- to that surface. 

Angle of Reflection: The angle at which a ray of Hght 
leaves a surface where it has been reflected. With respect 
to the normal. 

" Armature! One of the two main circuits which compose 
the windings of a generator or motor (the rotating winding 
on a D. C. machine; the distributed winding which may be 
either stationary or rotating, on an A. C. machine.) 

Auto-Transformer: A transformer with a single wtndiiig 
where the seooi&dary circuit consists of a part of the wind- 
ing of the primary circuit. 



Battery: A cell or cells which develop an electromotive - 
force and are used for converting chemical energy Into 
electrical energy. 

Booster: A low voltage direct current generator which Is 
connected in series with feeders in order to rftise the voltage. 

British Thermal Unit: A unit of lieat energy. It Is 
equivalent to the heat required to raise the temperature of 
one pound of water one degree Fahrenheit. 

B. T. U.: Abbreviation for British Thermal Unit. 

Bus- Bars: The bars on the back of a switchboard which 
may be connected by means of switches to any or all the 
Incoming and outgoing circuits. 



C: The abbreviation which was formerly used instead of 
I, to represent the current in a circuit. 

It is also the abbreviation for Centigrade. 

C.-P.: The abbreviation for candle-power. 

Candle- Power: The luminous intensity of a light giving 
source in a particular direction. 
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Cathode: The negative electrode of an electrolytic cell or j 

of a Taper lamp. I 

Centigrade: The system of temperature graduation de- 
signed by the French. Zero on the Centigrade scale is the j 
freezing temperature of water and 100 degrees is the boiling | 
point. Degree Centigrade equals degreeif Fahrenheit iewB 82 
and miUtiplled by 5/9. j 

C. g. s.: Abbreviation for centimeter-gram-second, which 
is the name applied to the system of units built up from 
these as fundamentals. 

. Circuit: A complete conductive path for electric flow. 

Circuit- Breaker: A device which automatically opens an 
electric circuit when certain limits of current are exceeded. 

Circular IS4II: A unit of cross sectional area of wires. ▲ 
cylindrical conductor one thousandth of an inch in diameter 
has a cross section of one circular mil. The cross -Beotlon 
in circular mils of any cylindrical conductor is equal to it» 
diameter, in thousandths of an inch, squared. 

Color: The sensation in the eye is affected by the wava 
length or the combination of wave lengths of the light falling 
upon the retina. 

Commutator: Any mechanical device for quickly changing 
the direction of flow in an electric circuit. 

Compound Electrical Machines: Those having in addition 
to the shunt field circuit a field circuit connected in series 
with the line taking current from, or supplying current to 
the machine. 

Conductivity: The property of a material which enables 
it to conduct electrical current. It is measured by the 
reciprocal of the resistance and the unit has been called 
the "mho." 

Conductor: A body which carries electric current. 

Conduit: An iron duct or pipe through which wires may 
be run. 

Constant Current: A current whose value does not vary 
with changes of conditions in the circuit. A system having 
a "constant current." 

Constant Voltage: A term applied to an electric system 
which is maintained at a state of constant electrical pres- 
sure. 

Continuous Current: Current which flows in only one 
direction in a circuit. Direct current. 

Copper Loss: The term applied to the power lost In the 
conductors of electric machinery; also called the I'R loss. 

Cosine: A function of an angle. It is the ratio of the 
shorter to the longer of its bounding lines when a right 
triangle is formed by drawing a line from any point on one 
side and perpendicular to the other side. 

Coulomb: The unit of quantity of electric flow. One 
ampere flowing for one second is a coulomb of electric flow. 

Current: The rate of flow of electricity. Current is com- 
monly measured in amperes. 

D 

Depreciation: The falling off in value of a piece of appara- 
tus as it is used. Depreciation charges are usually made 
so that the apparatus may be paid for by the time It has 
to be replaced. 
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Diffusion: lAgk^t is said to be diffused when by process ot 
reflection and refraction it reaches the eye from many .direc- 
tions rather than from the one direction of the source. 
Diffusion of light is therefore a process of reducing the 
intrinsic brilliancy of the source. 

Direct Current: Current which flows continually in one 
direction. Continuous current. 

Distribution: The variation of the mean zonal candle- 
power of a source, in the various angles with respect to the 
vertical axis. 

Distribution Curve: A polar diagram showing graphically 
the distribution of a light giving source. 

Drop: The fall in voltage in a current carrying conductor. 



Edison Three- Wire System: A three'- wire system supplied 
by two machines connected in series, or their equivalent. 
The so-called neutral wire is connected to the junction of 
the two machines, thereby rendering two voltages available, 
one twice the other, and furnishing the advantage of trans- 
mission at double the voltage of the receiver. 

Electrode: A terminal of an electric circuit, as the metallic 
plates of batteries and the carbons of arc lamps. 

Electrolysis: The separation of a chemical compound into 
its elements by means of an electric current. 

Electrolyte: A liquid which is used as a conductor of 
electric current: The liquid of an electric cell. 

Electromotive Force: Difference of potential or electric 
pressure. Voltage. 



Farad: A unit of electric capaLcity. .A condenser is said 
to have a capacity of one farad when 1 volt produces on it 
a charge of 1 coulomb. 

Flux: A flow of radiant energy from a source. The total 
emanation of light is called the total flux of light. 
The lines of strain present in a magnetic field. 

Foot-Candle: A unit of illumination and equal to that 
received by a surface every point of which is one foot 
distant from a source of one candle-power intensity; that is 
to say, one lumen per square foot gives an average intensity 
of one foot candle. 



Generator: A machine which produces electromotive force 
by the rotation of a number of conductors in a magnetic 
field; used to convert mechanical energy into electrical 
energy. 

Ground: A contact, usually accidental, between an electric 
circuit and its supporting frame work. 

The connection of an electric circuit to the earth. 

H 

Horse-power: A unit of power. The ability to raise 650 
pounds one foot in one second or the equivalent thereof. 
Equivalent, therefore, to 560 ft. lbs. per second or 3S,000 
ft. lbs. per minute. 
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Illumination: A measure of the light received iter unit of 
area on any given surface. The unit of illumination most 
frequently used is the foot-candle. 

Insulation: ACaterial which has so low a conductivity as 
to be practically a non-conductor. 

Intensity: See Luminous Intensity. 

Intrinsic Brilliancy: The flux of light per unit of emitting 
surface, expressed as lumens per square inch; very often 
expressed as candle-power per projected area In a given 
direction. 

• J 

Joule: The work done by a current of one ampere flowing 
through a resistance of one ohm for one second. One watt 
acting for one second. 

K 

Kilowatt: 1000 Watts. 

Kilowatt- Hour: The energy expended when one kilowatt 
of power is used for one hour. 

L 

Life: The period of time a lamp will operate before it 
"bums out." 

Useful Life: The period of time an incandescent lamp 
will operate before the mean horizontal c. p: drops to 75% 
of its initial value. 

Light: That form of radiant energy which produces visual 
sensation. 

Luminous Intensity: The intensity with which light flux 
is emitted in a certain direction. 

Luminosity: A term expressing the brightness of a sur- 
face from which light arises as a result of either diffusion 
or emission. 

Lux: A unit of illumination, equal to one lumen per square 
meter. 

M 

"Mazda": The trade name for the incandescent lamp 
representing the highest development in the art of lamp 
making; at present a tungsten filament lamp. 

Mean Horizontal Candle- Power: The average inte9sity of 
a light in all the directions lying in a horizontal plane. 

Mean Lower Hemispherical Candle-Power; The average of 
the intensities of a given light source in all directions of the 
lower hemisphere. Equal to the total flux (lumens) in the 
lower hemisphere divided by 2. 

Mean Spherical Candle-Power: The mean sph^rioal candle- 
power of a lamp is the average of its intensities in all 
directions and is equal to the total flux (lumens) emitted 
by the lamp divided by 4. 

Mean Upper Hemispherical Candle-Power: The average 
of the intensities of a given light source in all dlrectioBs of 
the upper hemisphere. The total flux (lumens) emitted 
within the upper hemisphere divided by 2. 

Microfarad: One millionth of a farad. 
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Most Economical Efficiency: The efficiency at which a 
lamp should be operated so as to give the least total cost, 
taking into consideration both renewals and cost of energy. 



Ohm: The unit of electrical resistance. The resistance of 
a column of mercury one square millimeter in cross -sectional 
area and 106 centimeters in length. 

Ohm's Law: The fundamental law of flow of electricity in 
a circuit. The rate of flow (amperes) is equal to the electric 
pressure (volts) divided by the resistance (ohms). 

Opalescent: The property of certain kinds of glass which 
renders it a diffuser of light by reason of its containing 
small white particles which deflect the rays of light as they 
pass through. 

P 

Performance: The performance of lamps or a class of 
lamps is the information as to their operation under different 
conditions. This information Is usually put in the form of 
curves showing the variation of voltage* current, resistance, 
power consumption, efficiency and life, with candle-power; 
all expressed in percentage of normal efficiency values. 

Polarity: Direction of difference of potential. A distinc- 
tion between the positive and negative terminals of a piece 
of electric apparatus. 

Potential: Difference of electric pressure. Voltage. 

Power: Rate of doing work. Units of power are the 
horse-power and the watt (or kilowatt). 1 horse-power = 746 
watts. 



Radiation: The propagation of energy in the form of 
ether waves. A small part of the radiation from an incan- 
descent body is visible, that is, is capable of producing a 
sensation in the eye. 

Reflector: A device for modifying the distribution of light 
giving soiirces. Often called a shade. 

Regulation: The rise of voltage from full load to no load 
expressed as per cent of the full load voltage. Electrical 
supply apparatus is said to have good regulc^tion when its 
voltage is comparatively constant under varying conditions 
of load. 

Regulator: A device which automatically keeps the volt- 
age nearly constant.. 

Resistance: The property of a material by reason of which 
opposition to the flow of electric current is oftered. It is 
measured in ohms. 

S 

Series. A system of connection whereby the same current 
flows through each of several pieces of apparatus. 

Shade: An opaque or translucent body used to keep the 
direct rays of a light from falling upon the eye. 

Shunt: A by-path in a circuit. 

Specific Consumption: The power consumption per unit of 
light output. Usually expressed in watts per horizontal 
candle-power. 
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Standard Lamp: A lajnp of known intensity used in 
photometering other lamps. 

Storage Battery: One or more electrolytic cells which 
during a process of charging accumulate energy which is 
recoverable at a later time when discharging. 

T 

Tip Candle- Power: The candle-power of an incandescent 
lamp measured in the direction of its tip. 

Transformer; An induction device for changing the volt- 
age of an alternating current supply. 

Tungsten: A rare metal used in the production of the 
present "Mazda" lamp filaments. 

U 
Useful Life: The time an incandescent lamp should be 

operated for best economy of light production.- 



Visual Acuity: The ability of the eye to distinguish fine 
details. 

Volt: A unit of electric pressure. A volt is that degree 
of electric pressure which will cause one ampere of current 
to flow through a resistance of one ohm. 

Voltage: Pressure expressed in volts. 

W 

Watt: A unit of power. The rate of energy transforma- 
tion when a current of one ampere flows at a pressure of 
one volt. 

Watt- Hour: Th* energy consumed when one watt of 
power is maintained for one hour. 
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INDEX 



A 

Absorption of globes page 

Table of percentage of 164 

Adams-Westlake, Newbold system 

Automatic switch 41 

Belt tension 37 

Drive 37 

Lamp regulator 41 

Operation 41 

Pole changer 37 

Regulator 37 

Suspension 37 

Alloys, conductivity of 246 

Areas of circles. , 295-297 

Armature speeds , 278-280 

Automatic switch (see separate systems) 

Axle generator systems 35 

B 

Baggage and express car illumination 215 

Reflectors and distribution curves for 215, 216 

Baggage car generator system , 20 

Baltimore & Ohio head-end system 25 

Bearings 277 

Belting 269-273 

Horsepower transmitted 271 

Travel of 278-280 

Belt tension device (see difterent systems) 

Buttner system with Rosenberg generator 42 

■ Booster— ^Gould system 26 

G. E. head-end 30 

Brown & Boverl system 43 

C 

Capacity of storage battery^ 106 

Effect of time on , . , , 121 

Effect of discharge rate on 116 

Ceiling lighting 164 

Centrifugal force, formulae for 282 

Chandeliers 164 

Characteristic curves for Mazda lamps 150 

Circular mils 332 

Circular pitch of gears 267 

, Circumference and areas of circles .295-297 

Color matching 162 

Color values in illuminants, table of 161 

In comparison with Mazda light 162 

Comparison lamp for , 

Weber photometer 157 

Sharp Millar photometer 158 

Comparison of E. M. F ^ 253 

Conductivity of metals 246 

Conduit sizes for different size wire 26P 

Specifications for .• 262 
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Consolidated systems face 

Type "A" system 44 

Drive 45 

Generator 44 

Operation ....'. 45 

Pole-changer 44 

Regulator ■. 45 

Suspension 45 

Double equipment 

Operation 48 

Regulators 48 

Type "D" 

Automatic recording device 51 

Automatic switch 50 

Belt tension ^ . . . 60 

Drive , 60 

Generator , 48 

Operation of regulator 50 

Pole-changer 60 

Regulator 50 

Suspension '. . •. 60 

Contents 7-10 

Cosine law " 165 

Tables of cosines cubed 173 

Cost of equipment and operation of 

Axle generator system 96 

Head-end system 96 

Straight storage . . ." " 97 

Cubes and cube roots of numbers 309-328 

Current strength measurement 253 

Curtis turbine train lighting set 21 

D 

Decimals of an inch 294 

Definitions, arranged alphabetically 331-336 

Depreciation . , 97 

Diametral pitch of gears , . 268 

Diaphragms for Sharp-Millar photometer '. . 158 

Dimensions of pipe 258 

Dining car illumination 221 

Fixtures and distribution curves for 222, 224 

Distribution curves vertical for Mazda 

Regular, 25-watt lamp 156 

Determining of 156 

Mazda lamps fitted with various types of reflectors. 184-209 



Effect of colored Hghts 162 

Electrical circuit, laws of .' 249 

KirchofTs law 249 

Ohm's law 248 

Series 249 

Shunt 249 

Electrolyte, evaporation of • 131 

^ Specific gravity of 126 

Impurities of 125 

Equipotential wiring 19 

Estimated costs, straight storage system . * • 16 
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F 

PAGE 

Field of view, Lummer Brodhun sight box 166 

- Ji^riction, general discussion of 281 

Fusing points of metals 247 

Foot-candle, definition of - 333 

Q 

Gauges, wire, classification of 237 

Gearing , 267 

Speed of 270 

General Electric head-end system 30 

Generator — (see different system) 

Glare 160 

Gould booster system 26 

Operation 28 

Gould simplex system 

Automatic switch 54 

Generator 53 

Generator regulator 55 

Lamp regulator 56 

Pole changer 53 

Gould storage battery 107 

* 

H 

Head-end systems 17 

Horsepower of 

Belting 269-273 

Shafting 273-276 

I 

lUuminants, color of 161 

Calculation of 165, 179, 182, 183 

Constants for calculation of 166 

Contrast 160 

Gosines cubed, table of 173 

Definition of 157 

Example of using constants of 166 

Foot-candle, unit of 167 

General condition and requirements 159 

Intensities of for various service .175-179 

• In terms of watts per square foot. 180 

Lumens, explanation of 179 

Measurement by .compafison 157 

Methods of 164 

Reflectors, their use 181 

. Theory of 165 

Utilization factors 180 

Insulating materials 246 

Intrinsic brilliancy 

Definition of .' 160 

Table of, for light sources 160 

Iron pipe, conduit, specifications for 262 

Inverse square law 155 
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K 

PAOB 

Kennedy regulator 60 

Kirchoff's laws 24f 

L 

Lamps, Mazda for train lighting service 141 

Average candle-power life curves for 143 

Bare, candle-power distribution curves for 151, 152 

Characteristic curves for 150 

Compensator, technical data on < 144 

General properties 141 

Hours life at normal efficiency 143 

Technical data concerning 144, 145, 147, 149 

Lamps, regular Mazda 141 

Average candle-power life curves for 14S 

Bare, candle-power distribution curves for 151 "152 

Characteristic curves for 150 

General properties 141 

Hours life at normal efficiency 148 

Technical data concerning. 146 

Light 

Absorption of 164 

Measurement of 165 

Quality of 181 

Logarithms 298 

Tables of 299, 300 

Natural sines, etc 302-808 

M 

Maintenance and depreciation 87 

Proposed form for lighting cost accounting 98 

Manchester type storage battery 107 

Mather & Piatt system 65 

Mazda (see lamps) 

Measurements of 

Current strength 263 

E. M. F 258 

Heavy currents 254 

Insulation of electrical machinery 256 

Internal resistance of battery 257 

Resistance 255 

Melting point of metals 246 

Metric system '• • 286 

Methods of lighting 164 

MiUivoltmeter, measurements of heavy currents 254 

Mounting height and spacing of units 181 

Mils, circular » 332 

N 

National storage batteries , 109 

Natural sines and cosines 802, 308 

Newbold axle generator system (see Adams-Westlake, 
Newbold system) 
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PAGE 

Ohm's law ...... * 248 

Operation of car lighting system, cost of 93 

P 

Parabolic reflectors 

Curves to determine focal length of 211 

Theory of 211 

Passenger and day car illumination •. 217 

Location of lighting unit 221 

Reflectors and distribution curves for 218, 219 

Photometer 155 

Iiummer-Brodhun 156 

Manipulation of 

Sharp-Millar 158 

Weber 157 

Wiring diagram for 155 

Pilot cell, use of 130 

Pipes, dimensions of 258 

Equation of 259 

Platform and station illumination 231 

Filatures and distribution curves for 228, 230 

Pole -changers (see different systems) 

Postal car illumination 215 

Reflectors and distribution curves for 215, 216 

Proper use of light fixtures 164 

Pulleys, speed of 270 

Q 
Quality of light '. 161 

R 

Reciprocals of numbers. 309-328 

Reflection, discussion of 163 

Table of coeflicients of : . ; 163 

Reflectors, general 181 

Parabolic ; 211 

Regulators 

Adams -Westlake, Newbold system 37 

Adams -Westlake, Newbold system lamp regulator ... 41 

Automatic for B. & O. system 25 

U. S. Lr. Type C 80 

U. S. Li. Type F 79 

U. S. L. Type P 81 

U. S. L. Type S-1 88 

Booster control, Greneral Electric head-end 32 

Consolidated type "A" 45 

Consolidated double equipment 48 

ConsoUdated type "D" 50 

Consolidated type "L" regulator 52 

General Electric head-end system 30 

General Electric head-end system form "A" 32 

General Electric head-end system form "B" 38 

Gould Simplex generator regulator 55 

U. S. L. Type P lamp regulator 82 
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PAGE 

Safety type "D" generator regulator 73 

Safety type "D" lamp regulator. . , , .^ . , 78 

Safety type "F" generator regulator 70 

Safety type **F" lamp regulator '. ' T2 

United States type "F" 79 

Rejuvenation of negative plates 137 

Relays 

Booster control General Electric head-end. 30 

fiafety type "D" ;:..;.....'. 73 

Wiring diagram of Gould panel type. . . . ; ; 58 

Resistance, measurements of '.. 254 

Reversal of sight box screen ' 155 

Revolutions per minute of car wheels /...., 2t7 

Of armatures , .278-280 

Rosenberg axle generator system (see Buttner system) 

S 

Safety car heating and lighting axle light syst.eiu, • 

Generator regulator '. , . . 73. 

Lamp regrulator and relay .'73 

Safety system Type "F" 

Automatic switch : , '. . . i . . ' 70 

Generator '68 

Generator regulator >70 . 

Lamp regulator , , . . 72 

Pole changer 68 

Suspension .*.... 68 

Series circuit, theory of i . . 249 

Shafting 278 

Horsepower transmitted : •. 273 

Deflection of 274 

Shunt circuit, theory of 249 

Sight box, Sharp-Millar -.158 

Sines, table of 302-308 

Sleeping and parlor car illumination 226-231 , 

Fixtures and distribution curves for. ' .^28," 229 

Spacing of units 181 

Specific gravities of various substances 287-290 

Squares, square roots of numbers. .309-328 

Stone axle dynamo system 

Automatic switch , . .-. 75 

Generator 75 

Suspension 75 

Storage batteries ...,..,.. 101 

Cadmium tests of 118 

Diseases of 121 

Edison 

Care of * 110 

Characteristics of 112 

Charging 112 

Discharging , ; . . t 112 

Electrolyte 111 

Insulation * 111 

Plates , 110 

Theory 112 

Weight of 112 

Factors influencing voltage of . . .- '.-. . 120 

Temperature of 121 
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General instructions page 

Assembly 127 

Initial charge 129 

Sealing 129 

Treatment of batteries received assembled 128 

Impurities 125 

Acetic acid 126 

Arsenic 126 

Copper 126 

Hydrochloric acid 126 

Iron 125 

Mercury 126 

Nitric acid • 126 

■ Operation 130 

Charging 131 

Cleaning 135 

General rules 130 

In parallel 132 

Inspection of 126 

Pilot cell 130 

Readings 132 

Reforming charge 131 

Removal from service 133 

Replacing electrolyte 182 

Replacing evaporation 131 

Voltage variation 130 

Plante ^ 103 

Plates for 

Electric storage 107 

Faure or pasted 109 

Gould 107 

National 109 

Willard 107 

Specific gravity of 127 

Sulphuric acid, resistance of 127 

Theory of, lead 114 

Troubles and their remedies for 133 

Variation in lead 

Capacity with rate of charge and discharge at 

70* F 116 

Specific gravity 116 

Voltage on charge and discharge 118 

Straight engine generator system 19 

Straight storage system 13 

Striations of light sources 161 

Stud and frieze lighting 164 

Switch, automatic (see separate systems) 

T 

Tangents, table of 302-308 

Train and station illumination 213 

Transmission coefficient 157, 159 

Trigonometric functions 301 

Turbine generator 

Gould system 26 

General Electric head-end system 30 

Turbo generator sets 20, 25 

Steam consumption of ; 82 
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Uniform motion, theory of 281 

United States Lighting and Heating systems 

Type "F" system 79 

Operation 80 

Type "C" system 80 

Generator regulator 80 

Lamp regulator 80 

Type "P" system 80 

Drive 80 

Generator 80 

Generator regulator . . .• 81 

Lamp regulator 82 

Operation 82 

Pole changer 80 

Suspension 80 

Type S-1 system 83 

Generator current regulator 83 

Potential regulator 84 

Type K-1 lamp relay 90 

Type B-1 lamp regulator 91 

Units, equivalent values of 292 

Utilization factors, table of : 180 

V 

Voltage, train line (see different systems) 

Voltmeters 252 

Measurements with 258-257 

Resistance of , 251 

W 

Weight of water at various temperatures 291 

Weights and measures 285 

Wheatstone method of e. m. f . comparison 253 

Wheels, r. p. m. at various speeds 276 

Willard Storage Battery 107 

Wire 

Capacity of conduit for 260 

Dimensions and weights of 239-244 

Equivalent of B. & S 238 

Magnet 244 

Pure copper 245 

Rubber covered 241-243 

Table of carrying capacities 244 

Wire gauges 237 

Brown & Sharpe's 237 

Classification of 237 

General use of 237 

Wiring diagrams 

Charging and discharging in series, straight storage. 13 
Charging in series, discharging in parallel. , 14 

Wiring formulae 248 

Alternating current 250 

Direct current 249 

Three phase alternating current 251 

wrought iron pipe, table of standard dimensions 258 



